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S e - r e r a l  a s p e s t  s o f  r o m p r e s s i b i i f t y  phenciaena were  
e x a m i n e 2  u n d e r  f l i g h t  c o n d i t i o n s  o n  t h e  XF28-2 a i r p l a n e ,  
which was s u b J e c t e d  t o  a s e r i e s  o f  d i v e s  a n d  p l 1 - o l ; t s  
a t  Epeads  u p  t o  550 r r , i l es  p e r  h o a r  c o r r e s p o n d i n g  t o  Nsch 
numbers  up t o  0 .74 .  T h e  r e s u l t s  i n d i c a t e  t h a t  t h e  p r i n -  
c i p a l  e f f e c t s  o f  c o m p r e s s i b i l i t y  shown by w i n d - t u n n e l  
t e s t s  a t  s u p e r c r i t i c a l  v e l o c i t i e s  are also m a n i f e s t e d  un -  
d e r  f l i g h t  c o n d i t i o n s ,  One a p p a r e n t  d i s c r e p a n c y  a p p e a r e d ,  
i n  that; t h e  f l i g h t  r e s u l t s  d i d  n o t  i n d i c s t e  a n  i n c r e a s e  
i n  v i n g  p i t c h i n g - m o m e n t  c o e f f i c i e n t  w i t h  i n c r e a s i n g  Mach 
namber ;  t h i s  C i s c r e p a n c y ,  h o w e v e r ,  i s  a t t r i 3 u t e d  t o  t h e  
s u r f a c e  rou ,?hness  o f  t h e  a i r p l a n e  v i n g  a n d  i s  n o t  be-  
l i e v e d  t o  be  a n  e s s e n t i a l  c o n t r a d i c t i o n  o f  win?! - tunnel  
r e  sul  t s . 

A l t h o u g h  no s e r i o u s  v i b r a t i o n  o r  c t h e r  m : ; . n i f e s t a t i o n s  
o f  t h e  c s m p r e s s i o n  shock were o b s e r v e d ,  t h e  p o s i t i o n  of 
t h e  ,shock s u d d e n l y  shifted s l i g h t  an iounts  i n  a f e w  c a s e s  
a n d  t h e  p o s s i b i l i t y  o f  a p p r e c l a b l e  s h i f t i n g  o r  o s c i l l a t i o n  
u n d e r  s o m e  c o n d i t i o n s  i s  not  p r e c l u d e d .  

E x p e r i e n c e s  d u r i n g  t h e  c o c r s e  o f  t h e  t e s t s  i n d i c a t e d  
t h a t  c o n s i d e r a b l e  d a n g e r  e x i s t s  a t  h i g h  s p e e d s  if a i r p l a n e s  
a r e  l o n g i t u d i n a l l y  u n s t a b l e  and a l s o  t h a t  c a r e f u l  a t t e n -  
t i o n  muclt be g i v e n  t o  c o m p r e s s i b i l i t y  e f f e c t s  on aerodynam-  
i c a l l y  b a l a n c e d  c o n t r o l  s u r f a c e s  t . 0  a v o i d  s u d d e n  o v e r b s l -  
a n c i n g  a t  h i g h  s p e e d .  

I HJTR O D 3 C T  I Ol! 

I t  i s ' a  wel l -known f a c t  t h a t  maximum a i r s p e e d s  p L t t a i n -  
a b l e  by  c e r t a i n  c l a s s e s  o f  a i r p l a n e  have b e e n  i n c r e a s e d  
t o  v a l u e s  t h a t  i.rould., i n  t h e  l i g h t  o f  w i n d - t u n n e l  d a t a ,  be 
e x p e c t e d  t o  g i v e  rise t o  t h e  f o r m a t i o n  o f  t h e  s o - c a l l e d  
" c o m p r s s s i o n  shock"  on  t h e  w i n g s .  Inasmuch  a5 t h e  e x a c t  
n a t u r e  o f  t h i s  c o m p r e s s i o n  shock 1 s  n o t  c l e a r l y  known, 
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serious q u e s t i o n s  o mpor tance  h a v e  b e e n  r a i s e d  
a s  t o  t h 2  b e h a v i o r  e s u b j e c t e d .  t o  i t ,  p a r t i c u -  
l a r l y  i n  r ega rd  t o  t h e  p o s s i b i l i t y  t h a t  t h e  shock  n a y  h a v e  
a v i c l e n t l y  u n s t e a d y  c h a r a c t e r  ( a s  i n d i c a t e d  i n  somo wind- 
t u n n e l  t e s t s )  which  would b e  presumed t o  c a u s e  s e v e r e  FYing 
v f b r a t f J n  a n 3  t e a r i n g  o f  t h e  s k i n  o r  f a i l u r e  o f  r i v e t s  

tween v e r y  h i g h  a n d  l c w e r  p r c s s u r e s .  Many o t h e r  q u e s t i o n s  

t a n c e ,  have a l s o  b s o n  r a i s e d  w i t h  r e s p e c t  t o  t h e  f o r c e s  on 
a n d  t h e  b c - h a v i o r  o f  a e r o d y n a m i c  f o r m s  a t  h i g h  speed,. Be- 
c a u s e  t h e  win6 t u n n o l s  have boen a n d  w i l l  n e c e s s a r i l y  C O G -  
tirsuc: t o  be t h e  p r i m a r y  s o u r c 3  o f  d a t a  a n d  b e c a u s e  t h e  
phenomena c f  f l o w  i n  t h e  r e g i m e  o f  c o m p r e s s i b i l i t y  i s  
s t i l l  s o  i m p e r f e c t l y  u n d e r s t o o d ,  i t  i s  n a t u r a l  that  t h e s e  
q u e s t i o n s  i n c l a d e  that. o f  thc: r e l i a b i l i t y  o f  w i n d- t u n n e l  
d a t a  when a p l i e d  t o  t h e  f r c e - a i r  a n d  t o  l a r g e r - s c a l e  
c o n d i t i o n s  of  f l i g h t .  

due t o  t h e  s a p i d  s h i f t i n g  of  a marked d i s c o n t i n u i t y  be- 2-i 

-L o f  a l o s s  s e r i o u s  n a t u r u ,  bu t  of p e r h a p e  g r e a t e r  impor-  --J 

& 

3eca .uso  o f  t h e  o x i s t e n c e  o f  t h o s e  i m p o r t s n t  q u e s t i o n s ,  
t e s t s  d e v i s e d  Go p e r n i t  s t u d y  o f  c o m p r e s s i b i l i t y  e f f e c t s  
i n  f l i g h t  have  b e e n  f e l t  t o  be  n e c e s s a r y .  Such t e s t s  were  
t h e r c f o r a  initiated j o i n t l y  b y  r e p r e s e n t a t i v e s  o f  t h e  
Bureau o f  A e r o n a u t i c s ,  Hnvy J e ~ a r t m e n t ,  a n d  o f  t h e  T a t i o n a l  
A d v i s o r y  Ccmmittee f o r  A e r o n a u t i c s  i n  d i s c u s s i o n s  h e l d  a t  
L z n g l e g  Y i e l d ,  V a . ,  cn  S e p t o n b c r  2 0 ,  1 9 3 9 .  a 

The n a t u r e  o f  t h e  t e s t s  w a s  d e c i d e d  upon a f t e r  c c n s i d -  
e r a t i o n  o f  t h e  r e l a t i v e  i m p o r t a n c e  o f  v a r i o u s  p o s s i b l e  ob- 
j e c t i v e s  a n d  o f  t h o  p r a c t i c a l  difficulties l i k e l y  t o  be 
e n c o u n t e s o d  d u r i n g  t h e  t c s t s ,  I t  was f i n a l l y  c o n c l u d e d  
t h a t  t h e s e  f i r s t  t e s t a  s h o u l d  be d e v i s e d  t o  g i v e ,  e v e n  a t  
t h e  e x p e n s e  o f  a c c u r a c g ,  t h e  m: s t  c o m p r e h e n s i v e  p i c t u r e  
c o n s i s t e n t  wi%h s a f e t y  a n d  p r a c t i c a l  expcd- ioncy o f  t h e  b e -  
h a v i c r  o f  a r  a c t u a l  a i r p l a n e  nt h i g h  s p e e d  r a t h e r  t h a n  t o  
c o n c e n t r a t e  on v e r y  d i f f i c u l t ,  p r o b l e m a t i c a l ,  and  somewhat 
a c a d e m i c  o b j e c t i v e s  a s ,  f o r  example  t h e  a c c u r a t e  measure-  
ment o f  p r Q f i l e  &rag f o r  q u a n t i t a t i v e  c o m p a r i s d n  w i t h  wind-  
t u n n e l  r o s u l t s .  I n  c t h e r  w c r d s ,  t h e  o b j e c t i v e  of t h e  t e s t s  
w a s  t o  f i n d  i n  ii g e n b r a l  way w h c t h e r  o r  n o t  t h e  p r i n c i p a l .  
f e a t u r e s  o f  c ; n p r e s s i b i l i t y  phenomena as shown by wind- 
tunnel t e s t s  would b e  b o r n e  o u t  u n d e r  f Z i G h t  c o n d i t i o n s ,  
p a r t i c u l a r l y  i n  r e g a r d  t o  t h e  u n s t e a n y  c h a r a c t e r  o f  t h e  
c o m p r e s s i o n  s h o c k ,  a n d  t o  o b s e r v e  any  p e c u l i a r i t i e s  i n  t h e  
b e h a v i , r  r,f t h e  a i r p l a n e  a t  s p e e d s  n e a r  t h e  c r i t i c a l  s p e e d .  

Y 
A f t e r  some d e l a y  i n  o b t a i n i n g  a s u i t a b l e  E i i r p l a n e ,  



3 

a 

t h e  t e s t s  were f i n a l l y  c o n d u a t e d  i n  a c c o r d a n c e  w i t h  t h e s e  
o b j e c t i v e s  d u r i n g  May and  J u n e  1940,  T h i s  p a p e r  was o r i g -  
i n a l l y  issv.ed a s  a memorandum r e p o r t  f o r  t h e  Bureau  c f  
A e r o n a u t i c s ,  August 2 9 ,  1940.  

BPPkIiaTUS A g D  METHOD 

A i r p l a n e . - -  T ~ L  a i r p l a n e  used i n  t h e  t e s t s  wiis  t h e  
B r e w s t e r  XF24-2, which  was made a v a i l a b l e  by t h e  Bureau  o f  
A e r o n a u t i c s .  A. p h o t o g r a p h  OS t h i s  a i r p l a n e  i s  shown i n  
f i g u r e  1. T h e  wing  s u r f a c e s  o f  t h i s  a i r p l a n e  were scme- 
what r o u g h  and  i r r e g u l a r ,  w i t h  exposed  r i v e t  h e a d s  a n d  
waves i n  t h e  s k i n .  

A l l  easi.12- removed equipmeat  no t  e s s e n t i a l  f o r  t h e  
t e s t s  was t a k e n  o u t  t o  p r o v i d e  space a n d  t o  c o n p e n s a t e  
€ o r  t h e  weight, o f  r e c o r d i n g  i n s t r u m e n t s  s u b s e q u e n t l y  i n -  
s t a l l e d .  The C u r t i s s  e Z e c t r i c  p r o p e l l e r  v a s  p r o v i d e d  
w i t h  a f e a t h e r i n g  c i r c u i t  i n  o r d e r  t h a t  t h e  a i r p l a n e  c o u l d  
be ciivod t o  maxima! p o s s i b l e  a i r s p e e d  w i t h o u t  o v e r s p e e d i n g  
t h a  e n g i n e ,  T h i s  installation r e q u i r e d  t h e  r emova l  o f  t h e  
propeller c u f f s ,  which  i n t e r f e r e d  w i t h  t h e  c o w l i n g  at h i g h  
p i t c h  s e t t i n g s .  

A s  v i b r a t i o n  t e s t s  arid f l u t t e r  c a l c u l a t i o n s ,  made un-. 
d e r  t h e  d i r e c L i o n  o f  D r .  II L. T h e o d o r s e n  o f  t h e  C o m m i t t e e ' s  
s t a f f ,  had  i n d i c c t e d  a p o s s i b i l i t y  o f  wing f l u t t e r  i n  t h e  
b e n d i n g - a i l e r a n  mode a t  a n  i n d i c a t e d .  s p e s d  o f  about 450 
m i l e s  p e r  h o u r ,  t h e  a i l e r o n s  were made s l i g h t l y  noseheavy  
a b o u t  t h e  h i n g e  l i n e  a s  a p r e c a u t i o n a r y  m e a s u r e .  T h i s  
o v e r b a l a n c i n g  was a c c o n p l i s h e d  by a t t a c h i n g  t h i n  (1/32 i n . )  
na r row l e a d  s n e e t s  t o  t h e  L e a d i n g  e d g e s  w i t h  f a b r i c  a n d  
dope i n  a manner used by t h e  Army X a t e r i e l  Division a t  
Wright  F i e l d .  ( S e e  f i g ,  2 . )  The a s t i m a % e d  f l - a t t e r  s p e e d  
w a s  t h e r e b y  r a i s e d  t o  n e a r l y  600 m i l e s  p e r  h o u r .  A l t h o u g h  
t h e r e  v a s  no r e a s o n  t o  a n t i c i p a t e  f l u t t e r  o f  t h e  t a i l  sur- 
f a c e s ,  t h e  e l e v a t o r s  and  rudd-e r s  were n e v e r t h e l e s s  b a l -  
a n c e d  i n  s u b s t a n t i a l l y  t h e  saae manner a s  a f u r t h e r  p r e -  
c a u t  i o n  

With t h e s e  c h a n g e s  and  w i t h  t he  a i r p l a n e  o t h e r w i s e  
r e a d y  a n d  s e r v i c e d  f o r  t h e  t e s t  f l i g h t s ,  t h e  w e i g h t ,  i n -  
c l u d i n g  p i l o t  and p a r a c h u t e ,  was a b o u t  5450 pounds  and 
t h e  c e n t e r - o f - g r a v i t y  p o s i t i o n  was l o c a t e d  a t  25.3 i n c h e s  
back o f  s t a t i o n  0 ,  o r  a t  28 p e r c e n t  o f  t h e  mean a e r o d y -  
n a n i c  c h o r d .  A s  w i l l  l a t e r  b e  indicated, t h e  a i r p l a n e  was 
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l o n g i t u d i n a l l y  u n s t a b l e  & n  t h i s  c o n d i t i o n .  The c e n t e r  of’ 
g r a v i t y  w a s  t h e r e f o r e  s h i f t e d  forward 2.2 i n c h e s  t o  25 
p e r c e n t  o f  t h e  mean a e r o d y n a m i c  c h o r d  by r e m o v a l  o f  t h e  
t a i l  hook  and  i t s  s u p p o i t i n g  s t r u c t i z r e  a n d  by s h i f t i n g  
t h e  i n s t r u m e n t  b a , t t e r i e s  t o  more fortqrard l o c a t i o n s .  In 
this c o n d i t i o n  t h e  a i r p l a n e  a p p e a r e d  t o  be s a t i s f a c t o r i l y  
s t a b l e ,  

I n s t r u m e n t s . -  Iri l i n s  w i t h  t h e  o b j e c t i v e s  o f  tine t e s t ,  
t h e  i n s t r u m e n t a t i o n  v a s  Dlanned  t o  p e r i n l t  t h e  most a c c u r a t e  
p r a c t i c a b l e  d e t e r m i n a t i o n  o f  t h e  Mach number, t h e  c r i t i c a l  
s p e e d ,  a n d  t h e  b e h a v i c s  o f  t n c  c o m p r e s s i o n  s h o c k ,  a s  w e l l  
a s  t o  p a r m i t  o b s e r v a t i 2 n  zf several f e a t u r e s  o f  t h e  behav-  
i o r  o f  t h e  a i r p l a n s  v f t h  t h c  oc+cttri*enco o f  t h o  shock .  The 
i n s t r u m e n t s  i n c l u d e d :  

I, A i r s p e e d  r e c o r d e r  c o n n e c t e d  t c s w i v e l i n g  p i t  o t -  
s t a t i c  t u b e  

2. A. s p e c i a l  f f ~ r e s s u r e - p l a t e f f  a i r s p e e d  r e c o r d e r  de-  
s i g n e d  f o r  h i &  c r i t i c a l  s p a e d  a n d  e l i m i n a-  
t i o n  o f  t i m e  l a g  

3 .  Stem t h i r n o m e t e s  

4 T h i r t y - c e l l  r e c o r d i n g  manometer 

5 ,  Two-ce l l  r e c o r d i n g  manometer 

6 .  S t a t o s c o p e  ( s e n s i t i v e  a l t i m e t e a j  

7 .  Two-component a c c e l e r o m e t e r  ( 2  and X cnmponent s) 

8 .  C o n t r o l - f o r c e  r e c o r d e r  ( e l e v a t o r  a n d  a i l e r o n s )  

9 .  C o n t r o l - p o s i t i o n  r e c o r a e r  ( e l e v a t o r )  

10, T w o  3 5 - m i l l i m e t e r  mo t  i o n - p i c t u r e  cameras  

11. V i b r o g r a p h  

12. Tachoilleter 

13. Timer 

14. V- G  r e c o r d e r  
Y 

T h e s e  i n s t r u m e n t s  were mounted a s  shown i n  f i g u r e  3 .  



5 

Speed measurament . -  B e c a u s e  o f  t h e  u n c e r t a i n t y  i n -  
v c l v a d  i n  b a l a n c i n g  t h e  P i t o t - s t a t i c  t u b e  a g a i n s t  1a.g 
e f f e c t s  f o r  tl-ze u n u s u a l  c o n d i t i o n s  o f  t h e s e  t a s t a  s n d  i n  
t h e  c r i t i c a l  s p e e d  o f  t h e  p i t o t  t u b e ,  i t  was c o n s i d e r e d  
a d v i s a b l e  t o  d e s i g n  a s p e c i a l  a i r s p e e d  r e c o r d e r  that  
would n o t  b e  s u b j a c t  t o  lag o r  c o m p r e s s i b i l i t y  e f f e c t s .  
The reacdrder  d e s i g n e d  a n d  b u i l t  f o r  t h i s  p u r p o s e ,  a n d  
called h e r e i n  t h e  " p r e s s u r e - p l a t e  r e c o r d e r  , I '  c o n s i s t e d  e s -  
s e n t i a l l y  o f  a f l a t  a i s k  w i t h  s h a r p  edge  mounted normal  
L o  t h e  air s t r e a m  CTL a shaf t  r e s t r a i n e d  by s p r i n g  dia- 
phragms t o  s2alL l o n g i t u d i n a l  m o t i o n s .  The a i r  f o r c e  on 
t h i s  p l c L t e  0x7 d i s k  was d e t e r m i n e d  by r . e c o r d i n g  t h e  s h a f t  
d i s p l a c e m e n t  r e l a t i v e  t o  t h e  i n s t s u m e n t  f r a m e  by CvwG op- 
p o s i t e l y  mounted r e c o r d i n g  s t r a i n  g a g e s .  C a l i b r a t i o n  o f  
t h e  i n s t r u m e n t  i n  t h e  NACA 2 4- i n c h  h i g h- s p e e d  wind t u n n e l  
p r o v i d u d  meanfii f o r  e s t s b l i s h i n g  t h e  a i r s p e e d  f r o m  t h e  
f o r c e  measurement .  I n  acldft ion.  t o  t h e  p r e s s u r e - p l a t e  r e -  
c o r d e r ,  a s w i v e l i n g  P i t o t - s t a t i c  t u b e  c L n n e c t e c ?  t o  a 
s t a n d a r d  NACA. r e c o r d e r  wag a l s o  u-sed ,  a n d  t h @  recsorder  
was mounted i n  thc: wing t o  k e e p  t h a  p r e s s u r e  l i n e s  s h u r t  
a n &  t h u s  t o  min imize  tho l a g  e r r o r s .  The p r e s s u r e  l i n e s  
w e r e  lcafancsd i n  t h o  u s u a l  way. 

Y u r t h e r  a i r s g e o d  r e c o r d s  were o b t a l n c d  w i t h  t h e  V-G 
r e c o r d e r  a n d  by n h o t o g r a p h i n g ,  w i t h  a m o t i o n - p i c t u s e  cam- 
era ,  t h e  i n s t r u m e n t  p a n e l ,  The a l r s p e e d  i n d i c a t o r  a n d  
t h e  V - G  r e c o r d e r  were  b o t h  c o n n e c t e d  t o  t h e  f i x e d  p i t o t -  
s t a t i c  t u b e .  

I n  o s d e r  t o  p e r m i t  c o r r e c t i o n  of  t h e  a i r s p e e d  r e a d-  
i n g s  f o r  c o m p r e s s i b i l i t y  a n d  t h e  e v a l u a t i o n  o f  t r u e  a ir-  
s p e e d  and Mach number,  i t  w a s  necessary t o  d e t s r m i n e  t h e  
s t a t i c  p r e s s u r e ,  t h e  t e n p e r a t u r a ,  a n d  t h e  a i r  d e n s l t y  a t  
e a c h  i n s t a n t  d u r i n g  t h s  d i v a s .  T o r  t h i s  p u r p o s e ,  measure-  
ments  o f  t e n p e r a t u r e  a n d  p r 3 s s u r e  a l t i t u d e  were made d u r-  
i n g  a s u c c e s s i o n  o f  s h o r t ,  l a v e l - f l i g h t  r u n 8  a t  s e v e r a l  
a l t i t u d e s  d u r i n g  t h e  c l i m b  p r e c e d i n g  e a c h  d i v e .  From 
t h e s e  s u r v e y s  i t  was p o s s i b l e  t o  compute r e l a t i o n s  be tween  
a b s o l u t e  a l t i t u d e ,  p r e s s u r e ,  a n d  d e n s i t y  up t o  t h e  s ta r t-  
i n g  p o i n t s  o f  t h e  s e v e r a l  d i v e s .  A t  t h s  s t a r t i n g  p o i n t  
o f  e a c h  d i v e ,  t.he s t a t o s c o p e  v a l v e  was c l o s e d  and  measure-  
ments  were  t a k e n  o f  t h e  t i m e  Trariat i .cn o f  t h e  p r e s s u r e  a l-  
t i t u d a  l o s t  t o  t h e  i n i t i a l  a l t i t u d e  a t  e a c h  i n s t a n t .  Prom 
t h e s e  measurements  and. f r o m  t h e  p r e v i o u s l y  made a t m o s p h c r -  
3 c  s o u n d i n g s ,  i t  Was > o s s i b l e  5.0 e s t a b l i s h  t h e  t e m p e r a t u r e ,  
. p r e s s u r e ,  a n d  a i r  d e n s i t y  at, a n y  i n s t a n t  d u r i n g  t h e  d i v e s .  

A s  a n  i n c i d e n t a l  check  on t r u e  a i r s p e e d ,  and i n  o r d e r  

http://Trariati.cn
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t o  make g o o d  t h e  a t u o s p h e r i c  s o u n d i n g  w i t h o u t  Felyi 'ng 
s o l l e l y  on t h e  s t a t o s c o p e  r e a a i n g s ,  a t t e m p t s  wcre made t o  
e s t a b l i s h  t h e  p o s i t t o n  o f  t h e  a i r p l a n e  i n  s p a c e  a t  e a c h  
i n s t a n t  t h r o u g h  t h e  u s e  o f  d o u b l e  p h o t o t h e a d o l i t e  measure-  
mento f r o m  a l o n g  b a s e  1 4 n e .  gihese measurements  were 
made t h r w g h  t h e  c o u r t e s y  o f  t h e  Coast A r t i l l e r y  B c a r d  a t  
F o r t  Xonroe ,  Va., and. o f  t h e  W i t c h e l l  Camera C o r p o r a t i o n  
o f  P a s a d e n a ,  C a l i f .  Owing t o  t h e  d i f f i c u l t  c o n d i t i o n s  o f  
t h e  t e s t s ,  t h e s e  a t t e m p t s  were o n l y  p a r t l y  s u c c e s s f u l  a n d  
no r e s u l t s  c o u l d  be o b t a i n e d  i n  t h e  l c n g e r  d i v e s .  

SDmnress ion  s h a k  o 5 q g r v a t i o g g . -  A s  B moans  o f  d e t e c t -  
i n g  a n y  l o n g i t u d i n a l  s h i f t i n g  o f  t h e  r e g i o n  o f  p r e s s u r e  
d i s c o n t i n u i t y  ( c o m p r e s s i o n  s h a c k )  and o f  d e t e r m i n i n g  t h e  
c r i t i c a l  s p e e d  f o r  a t  l e a s t  one  wing s e c t i o n ,  pressure 
measurements  wcre ma.de a l o n g  u p p e r  a n d  Zowor  s u r f a c e a  o f  
t h a  s e c t i o n  o f  t h e  s i g h t  wing l o c a t e d  a$ 103& i n c h e s  f r o m  
t h o  p l a n s  o f  symmetry ( f i g .  3 ( . 3 ) ) .  T h i s  s e c t i o n  conforms  
c l o s e l y  t o  a 23014 s e c t i o n ;  t h e  measured  p r o f i l e  i s  shown 
compare3 w i t h  a 23015 s u c t i o n  i n  f i g u r a  4 .  

Each  pressurc o r i f i c e  w a s  conslectcd 't;y r u b b e r  t u b i n g  
of &- inch  i n s i d e  d i a m e t e r ,  a p p r o x i m a t e l y  1 5  f e e t  l o n g ,  
t o  one s i d e  o f  a manorni?tek. c e l l  ( f i g .  5 ) .  The o p p o s i t e  
s i d e  o f  e a c h  c e l l  w a s  c o n n e c t e d  t o  a r e s e r v o i r  v e n t o d  t o  
a n  o r i f i c e  f n  t h e  l i f t i n g  t u b c  i n  w h i c h ,  as shown by p r e -  
l i m i n a r y  m e a s u r e m e n t s ,  a p p r o x i m a t e l g  t r u e  s t a t i c  p r e s -  
s u r e  o b t a i n e d .  The a c t u a l  p r e s s u r e  i n  t h e  l i f t i n g  t u b e  
w a s ,  h o w e v e r ,  measured  wt th  r e s p e c t  t o  t h e  p r e s s u r e  a t  
t h e  s t a t i c  o r i f i c e s  o f  t h e  s w i v e l i n g  P i t o t - s t a t i c  t u b e ,  
and  t h e  wing p r e s s u r e s  r e l a t i v e  t o  t r u e  s t a t i c  p r e s s u r e  
c o u l d  c o n s e q u e n t l y  be m o r e  c l o s e l y  a p p r o x i m a t e d .  

I n  c o n f o r m i t y  w i t h  w i n d- t u n n e l  p r a c t i c a  and  as  a 
f u r t h e r  means ~ l f  d e t e c t i n g  t h o  c o m p r e s s i o n  s h o c k ,  a t o t a l -  
h e a d  t u b e  w a s  mounted 2 i n c h e s  a b o v e  t h o  wing ,  w e l l  be- 
h i n d  t h e  s t a t i o n  o f  maximum thickness a d j a c e n t  t o  t h e  
p r e s s u r e  s e c t i o n .  The t o t a l  p r e s s u r e  a t  t h i s  l o c a t i o n  
w a s  measured  r e l a t i v e  t o  t h e  t o t a l  p r e s s u r e  a t  t h e  swive1-  
i n g  p i t o t - s t a t i c  t u b e ,  A s  m e a s u r e a c n t s  nade t h r o u g h  a 
f a i r l y  large r a n g e  o f  a n g l e s  of  a t t a c k  i n  l e v e l  f l i g h t  
showed s u b s t a n t i a l  baalanca o f  t h e  t o t a l  p r e s s u r e s ,  t t  w a s  
e v i d e n t  tha t  t h e  w i n g  t o t a l- h e a d  t u b e  l a y  0u t s id . e  t h e  
b o u n d a r y  l a y e r  a n d  i t  was t h e r e f o r e  presumed t h a t  a n y  snd-  
den o r  l a r g e  d i f f e r c n c e s  i n  p r e s s u r e  a p p e a r t n g  i n  t h e  
d i v e s  c c u l d  IIG a t t r i b u t e d  t o  h e a t  e n e r g y  l . c s se s  i n  t h e  
c o m p r e s s i o q  slzcck. F o r  t h e  l a s t  d i v e ,  a n  a d d i t i o n a l  
t o t a l - h a a d  t u b e  was i n s t a l l e d  o n  t h e  wing 4 i n c h e s  above  
t h e  s u r f a c e .  

i 
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I n  a d d i t i b n  t u  t h e  pressure d i s t r i b u t i o n  and  t h e  
total-head m e a s u r e m e n t s ,  p h o t c g r a p h s  c f  t h e  uppor  s u r f a c e  
o f  t h e  wing w o r e  made w i t h  a m o t i o n - p i c t u r e  camera syn-  
c h r o n i z e d  w i t h  t h a  o t h e r  i n s t r u m e n t s .  T h i s  p r o c e d u r e  
v a s  f o l l o w e d  on t h e  chance  that; c h a n g e s  i n  s k i n- w r i n k l z  
p a t t e r n  r o s u l t i n g  f r o m  shock  phenomena might  be  o b s e r v e d  
a n d  a l s o  i n  o r d e r  t o  d o t c c t  a n y  c h a n g e s  i n  p r o f i l e  o r  
s u r f a c e  i r r e g u l a r i t i e s  t h a t  v o u l d  a f f e c t  t h e  n a t u r e  o f  t h e  
f l o w ,  F o r  t h l s  p u r p o s e  a n a r r o w  l o n g i t u d i n a l  s t r i p e  was 
p a i n t e d  cn  t h e  wing a t  t h e  t e s t  s o c t i o n  a n d  t w o  t r i a n g u l a r  
r e f e r e n c e  mazkcrs  were i n s t a l l e d  on t h e  upper s u r f a c e  o f  
t h e  wing  a t  t h o  main spars .  

A v i b r o g r a p h  was improvised-  and+ i n s t a l l e d  n e a r  t h e  
r i g h t  wing t i p  f o r  t h e s o  t e s t s ,  T h i s  i n s t r u m c n t  was O s -  
s e n t i a l l y  a l o w - f r e q u e n c y ,  s p r i n g - r o s t r a i n e d  pendulum, o f  
which t ,hc  movement r e l a t i v e  t o  t h e  wing was r e c o r d e d  b y  a 
s t y l u s  nn a smoke3 d i s k  d r i v e n  b y  c1cck::lork. 

CLhor n o n s p c r . c n t  s.,- A two-camponcnt a c c c l c r o m e t e r  
was used t o  measure  t h e  ncrmgl  a n d  l o n g i t u d i n a l  coraponents  
o f  a c c e l e r a t i o n .  The l o n g i t u d i n a l  cclm-pclnent was used t o  
p e r m i t  a n  a p p r o x i m a t s  d e t e r m i n a t i c n  o f  t h a  t c t a l  d r a g  i n  
t h e  l a t e r  s t ages  o f  t h e  d i v e s .  $ha  ins%rurnen t  boar3 on 
which  t h e  a c c e l e r o n e t e s  was maunted made a n  a n g l e  o f  5' 
w i t h  t h e  t h r u s t  axis and a b o u t  18' with t h e  g r v u n d  when 
t h e  a i r p l a n e  was i n  t h e  n o r m a l  l a n d i n g  a t t i t u d e .  

Measurements  o f  e l e v a t o r  c o n t r o l  f o r c e  a n d  d i s p l a c e -  
ment were  alse made i n  o r d e r  t o  o b s e r v e  t h e  longitudinal 
behaviJr cif t h e  a i r p l a n e ,  p a r t i c u l a r l y  i n  r e g a r d  t o  t h e  
c o n t r o l  f o r c e s  r e q u i r e d  t o  m a i n t a i n  ba lancf t  i n  t h e  d i v e s  
a n d  t o  r e c o v e r  a t  d i f f e r e n t  v a l u e s  o f  Hach n u n b e r .  The 
a i l e r o n  c o n t r o l  f o r c e s  w e r d  a l s o  measured ,  a n a  l a r g e  a i -  
l e r o n  movements wero o b s e r v a b l e  by t h e  wing c a n e r a .  

The r e c c r d i n g  tachgr,iletaS meat i o n e d  w a s  i n t e n d e d  p r i -  
m a r i l y  a s  a n  i n s t r u m e n t  for n e a s u r i n g  t h o  p r o p e z l e s  spaed  
i n  c o n n e c t i o n  w i t h  t e r m i n a l  v e l o c i t y  a a l c u l a t i a n s .  A s  
p r e v i o u s l y  i n d i c a t e d ,  however ,  t h e  p r o p e l l e r  was substars, 
t i a l l y  f e a t h e T e d  d u r i n g  t h e  d i v e s  znd t h e  p r o g e l l a r  s p e e d 9  
w e r e ,  e x c e p t  i n  t b e  l a s t  d i v a ,  b e l o w  t h e  ninimum l i m i t  
(500 rpm) o f  t h e  t a c h o m e t o r  r a n g e .  En this d i v e  t h e  en-  
g i n e  r e v o l u t i o n  s p e e d  t e n p o r a r i l y  r e a c h e d  v a l u e s  a s  h i g h  
a s  '700 rpm. 
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The f l i g h t  p rogram Qas c o n d u c t e d  i n  t h r e e  p h a s e s  a s  
f o l l c w s :  
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1. p r e l i m i n a r y  f l i g h t s  t o  c h e c k  ins t rumexl t  o p e r a-  P- 

t i o n ,  t o  c a l i b r a t e  a i r s T e e d  i n s t a l l a t i o n s ,  t o  l o c a t e  i;r 
s u i t a b l e  s t a t i c  p r ~ s s u r . e  r e f e r e n c s  p o i n t s ,  t o  c h e c k  the 
p o s i t i o n  o f  t h o  t o t a l - h e a d  t u b e  r e l s t i v e  3 0  t h e  bounda.ry 
l a g e r ,  and  t o  o b t a i n  p r e s s u r e - d i s t r i b u t i o n  da t a  a t  l o w  
s p c e C s .  

2 .  P r s c t i c e  d i v e s  f o r  f a n i l i a r i z a t i o n ,  t o  c h e c k  t h e  
b c h n v i o r  o f  t h e  a i r a l a n e  a t  i n c r e a s i n g l y  s e v e r e  s p e e d s  
and a c c e l e r a t i o n s ,  and. t o  c n l i b r a t o  t h a  i n d i c a t i n g  a c c e l -  
erorrreter a g a i n s t  t h e  V-G r e c o r d e r .  

3, C o n t r a c t ,  o r  t e s t ,  d i v e s  8% t h r e e  s p e e d s  t o  c b t a i n  
c o u p l e t e  da ta  t h r o u g h  a r a n g e  o f  PtIaCh numbers and  l i f t  c o -  
e f f i c i e n t  s .  

The  p r e l i m i n a r y  f l i s h t s  v e r e  made by EACB p i l o t s ,  a n d  
t h d  p r a c t i c e  and  t e s t  d.ives w e r e  p e r f o r m e d  by 14s. E .  w ,  
Burke  o f  t h e  B r e w s t a r  f i c r o n a u t i c a l  C o r n o r a t  i o n .  D u r i n g  
t h a  c o u r s e  o f  t h e  p r a c t i c e  d i v e s  a n d  s u b s e q u e n t l y ,  hcwevcr ,  
it nunbor  o f  d i v o s  r.rere made by Mess r s  14. N, Gough a n d  
W .  E ,  Nchvoy o f  t h e  ?!TAiCk t o  c!ieck t h e  l o n g i t u d i n a l  s t a b i l -  
i t y  P-nd o t h e r  c h a r a c t e r i s t i c s  o f  t h e  a i r p l a n o ,  

As a nrilt tcr o f  r e c o r d  i n  c o n n e c t i o n  w i t h  c c n t r s c t  r e -  
q u i r e m o n t , s ,  z s  w c l l  as t o  b r i n g  o'i7-t t h a  p o t c n t i a l l g  s e r -  
i o u s  e f f e c t  o f  l o n g i t u d i n a l  i n s t a b i l i t y  2 t  h i g h  s p o e d s ,  
t h e  V-C; r e c o r d s  f o r  t h e  s i x  p r a c t i c e  d i v e s  a n d  t h e  s i x  
c o n t r a c t  d i v e s  c o m p l e t e d  are shown h e r e i n  a s  f i p r e s  6 a n d  7 ,  

I n  t h e  " i r s t  f i v e  p r n c t i c e  d i v e s  ( f i g ,  6 )  t h e  c e n t e r  
o f  g r a v i t y  o f  t h e  airplans w a s  ? t  t h e  2 8- p e r c e n t  l o c 2 t i L n .  
I n  t h i s  c o n d i t i c n  t h e  a i r y l a n e  ap :>pren t ly  r e s p o n d e d  s a t i s -  
f a c t  o r i l y ,  . ~ l ~ t h o u g h  t h a  u n s t c s d i n e s s  n c t e d  i n  t h e  V-G 
r e c o r d s  o f  t h e  f i r s t  f o u r  d i v e s  vas a cause  o f  i n c r e a s i n g  
c o n c e r n  i f i  v icw o f  t h e  f a c t  t h a t  t h e  a i s  was s n o o t h  i n  a11 
c a s e s .  D u r i n g  t h e  3 ~ 1 1 - o u t  f rom p r a c t i c e  d i v e  5 s o m e-  
t h i n g  o c c u r r e d  t h a t  i s  n o t  e n t i r e l y  c l e a r  8 s  t h e  p i l o t  
" b l a c k s d  o u t "  a n d  W P S  z o t  z b l e  l a t e r  t o  r e c a l l  t h e  e n t i r e  
s e a u e n c e  o f  e v e n t s .  I n  any e ~ e n t ,  c o n s c i o u s  c c n t r o l  o f  
t h e  e l e v a t o r  w n s  l o s t  at scmc p o i n t  a n d  t h e  a i r p l a n e  as-  
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sumed a h i g h  a n g l e  o f  a t t a c k  at r a t h e r  h i g h  s p e e d .  The  
a b n o r m a l i t y  o f  t h e  Y - G  record f o r  t h i s  c a s e  9 s  e v i d e n t  
( f i g .  6 ) .  

A f t e r  t h i s  e x p e r i e n c e  s p e c i f i c  t e s t s  were d e v i s e d  t o  
chbck  t h e  l o n g i t u d i n a l  s t a b i l i t y ,  and t h e  r e s u l t s  showed 
t h a t  t h e  a i r p l a n e  was u n s t a b l e .  R e p e a t  t e s t s  ,.,ade f o l l c w -  
i n g  t h e  changa t o  t h e  2 5- p e r c e n t  c e n t e r - o f - g r a v i t a  l oca-  
t i o n  i n d i c a t e d  t h a b  i n  this c o n c i i t i o n  a n  appreciable mar- 
gir ,  o f  s t a b i l i t y  was p r e s e n t .  N o  s u b s e q u e n t  d i f f i c u l t y  
was e x p e r i e n c e d .  

The r e q u i r e d  c c n t r s c t  dives c o n s i s t e d  o f  t h e  follow- 
i n g :  

1. V e r t i c a l  d i v e  and  p u l l - o i t  w i t h  a norinal  a c c e l -  
e r a t i o n  of  8 ,Og .  I n d i c a t e d  a i r s p e e d  not-, l e s s  t h a n  300 
i n i l e s  p e r  h o u r  a n d  n o t  iJOre t h a n  3 2 5  mi le s  p e r  h o u r ,  

2. V e r t i c a l  d i v e  and p u l 2 - o u t  w i t h  a n o r n a l  a c c e l -  
e r a t i o n  o f  8 . 0 g .  Tnd.icated a i r s p e e d  n o t  l e s s  t h a n  400 
rr ; i les  p e r  hqur ,  

3 .  V e r t i c a l  d i v e  t o  t e r r g i c a l  v e l o c i t y  ztnd pull-out 
w i t h  a normal. a c c e l e r a t i o n  o f  8 . 0 g .  D i v e  t o  s t a r t  a t  
a l t i t u d e  n o t  l e s s  t L a n  3 0 , 0 0 0  f e e t  and t o  c o n t i n u e  t o  a n  
a l t i t u d e  n o t  g r e a t e r  t h a n  12 ,000  f e e t  b e f o r e  s t a r t i n g  
p u l l - o u t ;  a l t s r n a t i Q e l y ,  d i v e  t o  c o n t i n u e  3 2  s e c o n d s  be-  
f o r e  s t a r t i n g  p u l l - - o u t ,  

T h e s e  d i v e s  were c o u p l e t e d ,  a l t t o u g h  it was n e c e s s a r y  
t o  r e p e a t  t h e  3CO-r.1ile-per-hour d i v e  t w i c e  a n d  t h e  t e r a i -  
n a l  d i v e  once  b e c a u s e  o f  u n s a t i s f a c t o r y  o p e r a t i o n  rz" t h e  
r e c o r d i n g  ins",umcnt s ,  One a t t e n p t  t o  p e r f o r n  th.e t e r m i -  
n a l  d i v e  was n o t  c o n p l e t e d  by t h e  p l l - o t  b e c a u s e  of u n s a t -  
i s f a c t o r y  a i l e r o n  oTeration t h a t  w i l l  be d i s c u s s e d  i n  de-  
t a i l  i n  t h e  s o c t i o a  on RESULTS,  

SYMEOLS 

g g r a v i t a t i o n a l  u n i t  o f  acceleration ( 3 2 . 2  f t / s e c )  

P E a s s  d e n s i t y  o f  a i r ,  s lugs  pe r  cubic,  f o o t  

a v e l o c i t y  o f  soixnd,  f e e t   ne.^ second  

V a i r s p e e d ,  f e e t  p e r  s econd  
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W Mach number (V /a )  

P p r  e s sur e coef  f i  c i  e n t  

cn s e c t i o n  n o r n a l - f o r c e  c o e f f i c i e n t  

C, d r a g  c o e f f i c i e n t  o f  a i r p l a n e  

W weight o f  e i r p l a n e ,  pouiicZs 

9 d y n a n i c  p r e s s u r e  

n n u ~ i b e r  o f  g knits o f  a c c e l a s a t i o n  

s w i n g  C r o a t ,  s q u a r e  f e e t  

Ys s t i c k  f o r c e ,  pounds  

S u b s c r i p t  s : 

c r  c r i t i c a l  

max maxirnun 

aE SULT s 

t-: 
.I-. 
I-.; 
-3 

---- T i n o  h i s t o r i e s . -  .- -_-.- F i g u r e s  3 t o  1 2  show t h e  v a r i a t i o n  
w i t h  t i rne  o f  a numbor o f  r e c o r d e d  q u a n t i t i e s  t a k e n  dur- 
i n g  t h e  ssvcral d i v a s  i n c l u d 5 n g  (fig. 10) t h e  a t t e n p t e d  
t e r x i a a l  cZive t h a t  was n o t  c o n n l e t e d  b e c a u s e  o f  na ' l func-  
t i o n i n g  o f  t h e  a i l e r o n s  a n d  ( f i g .  11) t n e  c o r r p l e t e d  t e s -  
z i n a l .  d i v e  made HEY 13, 3.940, for which t h e  p r e s s u r e -  
d i  s t r i  b u t  i o n  r e c o r d s  were u n s a t  i s f a c t o r y .  T h e s e  f i g u r e s  
a r e  l a r g e l y  s e l f - e x p l a n a t o r y  and- r e q u i r e  no corrinent a t  
t h i s  p o i n t .  F i c L r e  1 3  shows sevE;ral groups o f  s i n u l b a -  
neous  p b o t D g r a p h s  t a k e n  w i t h  t h e  wing a n d  c o c k p i t  c a m e r a s  
d u r i n g  t h e  p e r i o d  o f  a i l e r o n  n a l f u n c t i o n i n g  a n d  w i l l  be 
d i s c u s s e d  s u b s e q u e n t l y  i n  r e l a t i o n  t o  t h e  t i r : o  h i s t o r y  o f  
f i g u r e  2 0 .  

P r e s s u r e  d a t a . -  6 0 z e  y e p u l t s  o f  Che p r e s s u r e  n e a s u r e -  
L e n t s  a r e  shewn i n  fZgv.res 14 t o  1 6 .  I n  o r d e r  t o  i a d i c a e e  
m o s t  c l e a r l y  t h e  v a r i a t i o n s  w i t h  Mach aumber ,  i t  was nec-  
e s s a r y  t o  make cor . ; !pa~- i -sons  a t  t h e  sa38 v a l u e s  of nosrnal-  
f a r c s  c o e f f i c i e n t .  3 e c a u s e  i t  was impossible t o  choose  
c o n p a r a b l e  p o i n t s  d i r e c t l y  f r o x  t h e  r e c o r d s  a n d  also be-  
cause or" t h e  d e s i r a b i l i t y  o f  e l i r J i n a t i n g  a c c i d e n t a l  errors 

? 
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f sorn  t h e  c o n p a r i s o n s ,  t h e  r e c c r d s  were e v a l u a t e d  i n  t h e  
f o l l o w i n g  n a n n e r :  

F o r  e a c h  d i v e  a n d  p u l l - o u t ,  t h e  p r e s s u r e  d i s t r i b u t i o n  
was p l o t t e d  f o r  uniformly s p a c e &  t i n e  i n t e r v a l s .  These  
p l o t s  were  i n t e g r a t e d  t o  d - e t e s n i n e  t h e  v a l u e s  o f  s e c t i o n  
n o r n a l - f c r c e  c o e f f i c i e n t  cn  a n d  t h e  p i t ch ing-moment  c o -  
e f f i c i e n t  a b o u t  t h e  q u a r t e r - c h o r d  q o i n t  
o f  t h e  p r e s s u r e  coeiflcient P at t h e  s e v e r a l  p o i n t s  o f  
niaasurement a l o n g  t h e  t a s t  s e c t i o n  were t h e n  plctted 
z g a i r s t  c,. B e c a u s e  o f  t h e  ?*s r ia t : ’ , cn  o f  P w i t h  Mach 
auliiber a t  f i x e d  v a l u e s  o f  c n ,  t h e  d a t a  were Civicled i n t o  
f i v e  g r o u p s ?  e a c h  g roup  i i i c l i l d i n g  v a l u e s  l y i n g  witl-iin a 
L i m i t e d  r a n g e  cf  Mach nurnbers ,  T y ” i c a 1  p l o t s  of  t h i s  
c h - t r a c t e r  f o r  l o w e r  o r i f l e e  5 a n d  u p p e r  o r i f i c e  10 are 
shown i n  f i g u r e  13, t h e  c i r c l e s  r e p r e s e n t i p g  p o i n t s  l y i n g  
b e t w e e n  v a l u e s  uf 0.25 zind 0,.34, ths i n v e r t e d  t r i a n g l e  
v a l u e s  o f  0.35 t o  0 . 4 4 ,  e t c . ,  R S  i n d i c a t e d  on t k e  f i g u r e s ,  

. V a l u e s  
%,4 

* r  

From t h e s e  p l o t s  mean c u r v e s  o f  P a g a i n s t  an f o r  
t h e  v a r i o L s  Mach n t inbe r s  orere e s t a b l . i s h a d  a n d ,  f i n a l l y ,  
@ean p r e s s v r e - d i s t r i b u t i o n  c u r v e s  were d e r i v e d  R t  d i f f e r -  
e n t  v a l u e s  of M f o r  s ~ c h  o f  s e v e r a l  v a l u e s  o f  * 
Those  d e r i v e d  p l o t s  a r e  lo resen ted  i n  f i g u r e  1 6  T a e  v a l -  
u e s  o f  2 i t ch ing-momcnt  c o e f f i c i e n t  n o t e 4  t h e r e o n  were 
o b t a i n e d  bsr i n t e g r a t i o n  o f  t h o  mean c u r v e s  w i t h  r e s p e c t  
t 3  t h e  a e r o d y n a m i c  c e n t e r  f o r  low- speed flow. This a e r o -  
dynamic  c e n t e r  v a s  e s t a b l i s h a d  i n  t h e  u s u a l  way f r o m  v a l -  
u e s  o f  c, a n d  cE o b t a i n b d  from t h e  original g r e s -  

scire p l o t s .  ?he  d a t a  f o r  t h e  I c w e r  s p a e d  c o n d i t i o n s  a r e  
shown i n  F i g u r e  1 7 .  

c /4  

I t  w i l l  nave  b ~ e n  n o t e &  cn f i ; ;ure 15!b) t h a t ,  w i t h i n  
t h c  r a n g e  of Mach numbers be twoen 0 . 6 5  a n 6  G,74, t h e  p r e s -  
s u r e s  st o r i f i c e  1 0  cn  t L i E :  u p p e r  s x ’ f a s e  { v h i c h  was 10- 
c a t e d  n e a r  t h e  s t a t i o r ,  o f  maxinum t : - ic ’ rncss j  show e x t r e m e  
v a r i a t i o n s .  T h i s  phenomenon also ap?eared a t  o r i f i c e s  
8 and  9 .  BecausE: i t  tFr8s  n o t  : 2 r a c t i c a b l e  t o  s u b d i v i d e  t h e  
da t a  i n t o  s m a l l e r  g r o u p s  t h a n  t l :osc:  g i v e n  - that;  i s ,  be-  
c a u s e  no  mean c u r v e s  c o u l d  have  b e e n  e s t a b l i s h e d -  - t h e  
noan p r e s s u r e  p l o t s  f o r  t h e  h i g h e s t  r ange  o f  bI were made 
t o  s h o w  t h e  ~ r e s s u r e  e x t r e m e s  w i t h i n  t h a t  r a n g e .  

The y r e s s l i r e  p l o t s  shown i n  f i g u r e  14  were o b t a i n e d  
dnr l : ig  t h e  p r e l i x i n a r y  f l i g h t s  u n d e r  l e v e l - f l i g h t  cDndi- 
t i o n s ,  Tile c u r v e s  shcwn on t i i e s e  p l o t s  a r e  t h e o r e t i c a l  

J 
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c u r v e s  b a s e d  an t h e  method. of r e f e r e n c e  1. The v e r t i c a l  
l i n e s  a t  e a c h  p r e s s u r e  s t a t i o n  r e p r e s e n t  a maximum p o s s i -  
ble ( n o t  p r o b a b l e )  range o f  i n s t r u m c n t  e r r c r  a n d  will be 
d i s c u s s s d  s u b s e q u e n t l y  i n  t h e  s e c t i o n  a n  PRECISION.  

Drag c o e f f i c i e n t . -  The d r ag  r o s u l t s  a r e  shown i n  f f g -  
?- -1 

+ 
C-J 

ure 1 8 .  These  r e s u l t s  were o o t a i n e d  hy  v t i l i z i n g  t h e  3 I- p r c p e r  l o n g i t u d i n a l  c c m g o ~ e n t  of a c c e l e r a t i o n  ( c o r r e c t e d  
for t h e  n n g l e  o f  I n s t r u m e r , t  3 o a r d )  a n d  t h e  r e l a t i o n  4 

i n  w h i c h  W i s  t h e  v e i g h t ,  fcr this purpose t a k e n  a s  5450 
p o a n d s ;  S t h e  wing area o f  209 square f e e t ;  a n d  q t h e  
t r u e  dynarri.ic pressure, t h a t  i s ,  t h e  a e a s u r e d  val-rre co r-  
r 2 c t e d .  f o r  c a x p r e s s i b i l i t y  e f f e c t .  

Elevatcr 0ollLt;rol  <orce . -  % b e  i n c r e m e n t  o f  e l e v a t e s  
c o n t r o l  f * r c s  t a s  % e e n  p l o t t e d  against a c c e l e r a t i o n  i n -  
c rement  f o r  t h e  s-3veral  d i v e s  i n  figure I S .  The s l g n i i i -  
c a n c e  o f  t h i s  p l ? t  i s  d i s c u s s e c !  s u b s e q u e n t l y  i n  t h i s  s e -  
p o r t .  

PR3G I s 1 ON 

The d e g r e e  o f  p r e c i s i o n  w i t h  wiich s o m e  o f  t n e  p e s t i -  
n e n t  q u a n t i t i o s  were  m e a s w e d  c a n  b e  g i v a n  a s  a f i x e d  num- 
B e r ,  w h e r e a s  % o r  o t h e r s ,  g e n e r a l l y  t h o s e  d e p e n d i n g  upon 
p r e s e u r e  n e a s u r e r n s n t s ,  no f i x e d  vaLue  c a n  be  g i v e n ,  T h o s e  
q u a n t i t i e s  b e l o n g i n g  t o  t h e  f i r s t  gronp,  f o r  vkich e s t i -  
mates  o f  a c c u r a c y  may b s  i m m e d i a t e l y  ~ i s s i g n e d ,  a r e  

E'oraal a z c c l e r a t  i o n ,  2 0 .  Ig 

L o n g i t u d i n a l  a c c e l e r a t i o n ,  rt-D.02g 

I n c r e m e n t s  i n  e l e v a t o r  d e f l e c t i o n ,  k0.25' 

Absolute v a l u e s  o f  e l e v a t o r  d e f l e c t i o n ,  k O . 5 '  

X l e v a t o r  and a i l e r o n  forces, A.4 pounds  

The a c c u r a c y  o f  t h e  a i r  d . e n s i t y  ( a n d  conseq.uentLg 6 f  
the t r u e  a i r s p e e d ) ,  a5r t e m p e r a t u r e ,  v o l o c i t y  o f  s o u n d ,  
a n d  iz2ti tud.e depend  u,uon t h e  accuracy o f  t h e  t e m p e r a t u r e-  

Q 

J 
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E 

a l t i f , t u d e  survey made by t h e  g i l o t  d u r i n g  t h e  c l i m b ,  Even  
if  somewhat l a r g e r  e r r o r s  t h a n  a r e  t h o u g h t  t o  e x i s t  a r e  
a s s i g n e d !  t o  t S e  p i l o t ' s  i n d i v i d u a l  o b s s r v a t i o n s ,  t h e  final 
e r r o r s  in t h e  d e n s i t y - n i t i t u d e  r e l a t i o n s  h a v e  b e e n  minin-  
i z c d  b y  a n  i n t e g r a t i o n  p r e c e s s  which  g a v e ,  f o r  e a c h  of  t h e  
d i v e s ,  c u r v e s  o f  p r e s s u r e  a n d  d e n s i t y ,  a s  measured  f rorn  
t h e  i n i t i a l  a l t i t x d e  t o  t h e  g r o u n d ,  a g a i n s t  t h e  a b s o l u t e  
a l t i t u d e .  If a 2 e r r o r  i n  t e m p e r a t u r e  I s  a l l o w e d ,  t h e  
e f f e c t  on t h e  d e n s i t y  p and  on t h e  vslocity o f  sound 8 
a r e  small because t h e s e  q u a n % i t i s s  are d s t e r n i n e d  'bp t h e  
a ' b s o l u t c  t e q e r a t u r e .  I t  i s  e s t i r n a t e d  t h a t  p i s  known 
a t  any p o i n t  i n  t h e  d i v e  t o  an a c c u r a c y  o f  a p p r o x i m a t e l y  1 
p e r c e n t ;  whereas t h e  e r r o r  i n  t h e  v e l o c i t y  o f  sound a t  any 
p g i n t  i s  n e g l f g i b l e  s i n c e  i t  ciepepae on t h e  s q u a r e  r o o t  o f  
t h e  a b s o l u t e  t e m p e r a t u r e .  T h u s ,  t h e  a c c u r a c y  w i t h  which  
t h e  Mach number M i s  g i v e n  depende  a l m o s t  e f i t i r e f y  upon 
t h e  a c c u r a c y  v i t h  which  t h e  i r u e  a i r s p e e d  i s  known. 

T h a n  t h e  v a r i o u s  e r r o r s  t h a t  anfyer i n t o  t h e  d e t e r m i c  
n a t i o n  o f  t h e  t r u e  a i r s ? e e d  g i v e n  'by t h e  s w i v e l i n g- h e a d  
i n s t a l l a t i o n  5 r e  c o n s i d e r e d . ,  i t  i s  e s t i m e t e d  t h a t ,  a t  
s p e e d s  i n  e x c e s s  o f  3 5 0  m i l e s  p e r  h o u r ,  t h e  e r r o r  i s  l e s s  
tha,n 19 g e r c e r r t ;  v i lereas  a t  t h e  lower  spoei i s  ( Z O O  t o  150  
m i l e s  p e r  h o u r )  tlie e r r o r  may be  as ruuctz SZ+ p e r c e n t .  
Although i t  vas t h o u g h t  x h e n  t h e  t e s t s  were d e v i s e d  t h a t  
t h e  a c c u r a c y  o f  t h e  a i r s g e e d  measurements  g i v e n  by t h e  
p r e s s u r e  p1at.e migh t  b e  b e 3 t e r  t h a n  t h a t  of t h e  s w i v e l i n g  
h e a d ,  r e c e n t  t e s t s  by  Walchner ( r e f e r e n c e  2 )  h a v e  i n d i -  
c a t e d  t h a t  t h e  u s u a l  P r a n d t l  t y p e  head  has a c r i t i c a l  ve-  
l o c i t y  ve l? .  &%eve t h a t  r e a c h e d  i n  t h e  a i v e s .  T h i s  f a c t ,  
t o g e t h e r  w i t h  t h e  f a c t  tizat s h o r t  bsi lanced p r e s s u r e  l i n e s  
were u s e d ,  p r o b s b l y  g i v e s  a g r e a t e r  acz iz racy  t o  t h e  swiv- 
e l i n g - n e a d  a i r s p e e t i  me? surement  s f o r  t h e  r e a s o n  t h a t  r e l i -  
a b l e  measurements  c o u l d  n o t  b e  o b t a i n s d  w i t l i  t h e  p r c s s 7 i r e -  
p l a t e  n e a d  a t  specd.s  b z l o w  Z O C  m i 1 5 s  p e r  k o u r  m d  also be-  
c a u s e  i t  was n e c e s s a r y  t o  i a t r o d u c o  s l i g h t  c o r r e c t i c n s  
f o r  t h e  e f f e c t  o f  t h e  r c s u l t 2 , n t  a c c e l e r a t i o n  p a r a l l - e l  t o  
t h e  d i r e c t i o n  o f  t h e  bocm. ''dhen t n e s e  e r r o r 8  i n  a i r s g e e d  
are c o n s i d e r e d ,  va lues  o f  tine Mach uxm"oer a t  z n y  p o i n t  in 
t h e  d i v e  call be said. . to  be a c c u r a t e  t o  7,ri thin *O,Ol, 

I f  i t  c a n  be assumed t h a t  s t a t i c  >ressure e x i , s t s  a t  
t h e  s t a t i c  o p e n i n g s  o f  t h e  s w i v e l i n g  Lieac!, t h e  e r r o r  i n  
t h e  a l t i t u d e  a t  :in$ i n s t , a n t  i s  n~ more t h a n  A3130 f e e t .  

Tbe a b s o l u t e  a c c u r a c y  a f  t h e  iri i l iviBuaL p r e s s u r e  
m e a s u r e a a n t s  - ~ a . r i e d  a c c o r d i n g  t o  t h e  g o s i t i o n  o f  t h e  o r i -  
f i c e  a l o n g  t h e  a i r f o i l .  I n  g e n e r a l ,  t h e  b e t t e r  absolute 
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a c c u r a c y  w a s  o b t a i n e d  w i t h  t h e  more s e n s i t i v e  manometer 
ci!l.I.s, which  were l o c a t e d  t o w a r d  t h e  rear o f  t h e  c h o r d ,  
a l t h o u g h  on a p e r c a n t a g 2  'basis t h e  a c c u r a c y  i n  t h i s  r e g i o n  
i s  p o o r  b e c a u s e  o f  t h e  r e l a t i v e l y  l o w  p r e s s u r e s .  Ia ad-  
d t i t i o n ,  b e c a u s e  t h e  s e n s i t i v i t y  o f  t h e  manometer c e l l s  was 
n e c e s s a r i l y  b a s e d  upon t h e  e q e c t e d  p r e s s u r e s  t o  be  meas- 
u r e d  a t  t.he n i g h e s t  s p e e d ,  t h c  maximum p o s s i b l e  e r r o r s  a b  Y 
t h e  I C W  gpeeds  a s  i n d i c o , t e d  by f i g u r e  14 a r e  r e l a t i v e l y  i 

h i g h .  F i p u e  1 6  shows,  ho.rzre-rer, t h a t  t h e  p r o b a b l e  e r r o r ,  -J 

- 
P 

a s  i n d i c a t e d  by t h e  l e n g t h s  o f  t h e  v e r t i c a l  l i n e s ,  de-  
creases w i t h  ar_ i n c r e a s e  i n  Mnch n u a b e r .  The magni tude  
o f  t k ; =  a b s o l u t e  p r o b a b l e  e r r o r  1 s  o b t a i n e d  f r o m  t h e s e  f i g -  
u r e s  by m u l t i p l y i n g  t h e  l e n g t h  o f  t h e  l i n e s  by t h o  v a l u e  
o f  s_ t h s t  a p p l i e s  for t h e  Wach number i n  q u e s t i o n .  

S i n a l l  a c c i d e n t a l  e r r o r s  i n  t h e  p r e s s u r e  d i s t r i % u t i o n  
c a ~ s e d  by f a i r i n g  a n d  o t h e r  i n c t o r s  r e s u - l t  i n  o n l y  rela- 
t i v e l y  small c h a n g e s  i n  t h e  i n t e g r a $ c d  n o r m a l- f o r c e  c o e f-  
f i c i e n t  but max cnizse l a r g e r  c h a n g e s  i n  t h e  p i t c h i n g -  
monent c o e f f i c i e n t  * I n  f a c t ,  j n o s t  o f  t;Le p o i n t  s c a t t e r  
( I t 0 , O O S )  shown i n  t h c  s c c t i o n  cn  e a d  c, r e l a t i o n s  
( f i g ,  17) can bc  3 . 5 t r i b u t e d  -bo t h e s e  i n a c c u r s c i e s ,  

c o n s i d e r n t i o n  o f  tht? e f f e c t  o f  . the p r e s s u r e  e r r o r s  
o n  t h e  d e t e r n i n a t i o n  o f  t h e  c r i t i c a l  s p e e d  i n d i c a t e s  t h a t  
t h e  c r i t i c a l  Xach nulriber i s  z c c u r a t o  t o  a b o u t  20.01, 

I 

4 

The a c c u r a c y  o f  t h e  t o t a l  d r a g  measurements  ( f i g .  18) 
deper-ds upon t h o  n c c u r a c y  o f  t h e  l o n g i t u d i n a l  ? - c c e l e r a -  
t i o n  and i i i r s p o e d  m s a s u r a m e n t s ,  S i n c e  t h e  a c c e l e r o n e t e r  
r e a d i n g ,  1 - n ,  ~ i s e d  i n  t h e  r e l a t i o n  f o r  CD i s  a small 
q-i-rnr,tity a t  tile l o v e r  s p e e d s  e ; . r ly  i n  t h e  ( ? i ~ s s ,  t h e  p e r -  
c e n t  e r r o r  i s  h i g h  a t  5zie b e g i m i n g  o f  t h e  d i v e s  but r a p-  
i d l y  d e c r e a s e s  a s  t h c  t e r m i n a l  v e l o c i t y  i s  a n p r o a c h e d .  
A t  t h e  h i g h e s t  Mach nurnbers t h e  e r r o r  i n  q becomes o f  
g r e a t e r  i m p o r t n n c e  and the m i n i n u n  e r r o r ,  which occuss 
a t  + h e  h i g h  i4rZcb numbers ,  i s  z h o u t  r 5  p e r c e n t ,  The a c c u-  
r a c y  o f  t h e  d r a g  m o a s u r u n o n t s  i s  s u f f i c i e n t ,  however ,  t o  
show % h a  t r e n d  o f  CD wi th  i n c r e a s i n g  va1uc.s O f  14. 

* 

The d a t a  p r e s e n t e d  mske i t  cvid-ent  5ha.t  t l ic t e s t  con-  
d i t i o n s  cx tended  w e ?  bayocd  t h e  c r i t i c a l  s p e s d  o f  t h e  
t e s t  s e c t i o n  o f  t h e  M n g ;  i t  ney be i n f a r r e d  f r o m  t h i s  
evid.ence t h s t ;  m n g  o t h e r  expose6  -parts, s u c h  a s  win;;. s e c -  

f 
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t i o n s  n 3 a r  t h e  r o o t  , p r o g e l l e r - b l a d e  r o o t s ,  c o w l i n g ,  and  
crown o f  t h e  c o c k p i t  e n c l o s u r e  wer0 even  mora zdvanced  
beyond t h e i r  own c r i t i c a l  s p 3 e d s .  The f i r s t  q u e s t i o n  o f  
I n t e r e s t ; ,  t h e r e f o r e ,  i s  w h e t h e r  tlie p r e s u m a b l e  e x i s t e n c e  
o f  a c o m p r e s s i o n  s h a c k  o r  s h o c k s  w a s  m a n i f e s t e d  by a n y  un- 
usua l  b e h a v i o r  o f  t h e  a i r p l a n e .  

L n d f c a t  i,Qns o f  c o m ~ r e q g i a n  s'no,ck,- E v i d s n c e s  o f  t h e  
b e h a v i o r  o f  t h e  a i r p l a n e  a n d  o f  t h e  c o n p r e s s i o n  shock  
were  o b t a i n e d  f r o m  t h e  v i b r o g r a m s ,  t h e  v i n g  photographs, 
t h e  pressure r e c o r d s ,  s n 8  t h e  r e c o r d s  from t h e  t o t a z - h e a d  
t u b e s .  The B i b r o g r a m s  9.1'8 no$ g i v e n  b e c a u s e  t h e y  a r e  d i g -  
f i c u l t  t o  d e s c r i b e  a n d ,  a s  t h e $  showed a n  absence  o f  s e r i -  
o u s  v i b r a t i o n ,  i t  w a s  c o n s i d e r e d  i n a d v i s a b l e  t o  2 n t r o d u e e  
them,  %!lie r e c o r d s  showed t h a t  t h 8  v i ' b r a t i o n  e x i s t i n g  w a g  
i r r e g u l a r  and t h a t  t h e  a m p l i t u d e s  d i d  n o t  e x c e e d  about; 
a n o - s i x t e e n t h  i n c h .  Thsre  w a s  no evider-ce  t h a t  t b e  e x i s t -  
i n g  v i b r a t i o n  could. b e  a t t r i b u t e d  i n  any way t o  a corn- 
p r e s s i o n  shock ;  9 s  feet, t h c  v i b r a t i o n  r e c o r d s  shiwed the  
sane c h a r a c t o r  well b e l o w  and  above  t h e  critical s p e e d .  

The wing p h o t  ograpns l i k e w i s e  showed  t h a t  a n y  vibra- 
t i o n  e x - L s t i n g  ~ u s t  have  b e e n  small, a l t h o u g h  t h e  method 
u s e d  would n s t  a l l o w  e v a l u a t i o n  o f  a m p l i t u d e s  a s  small  as 
t h o s e  i n d i c a t e d  b y  t h e  v i b r o g r a , m s .  The i n d i c a t i o n s  o f  t b e  
v ibrog. rams and  p h o t o g r ? p h s  were e u b s t a n t i a t o d  by t h e  p f -  
l o t ,  who d e t e c t e d  n o  v i b r a t i o n .  

A. h r i e f  s t u d y  a i '  t l ie  a c t u a l  preesure r e c o r d s  i n d i -  
c a t e s  t h a t  zones  o f  s t e e p  p r c s s u r a  g r a d s e n t s  d i d  n o t  o s -  
c i l l a t e  o r  s a i f t  back and  f o r t h ;  t h a t  i s ,  t h e  few s h i f t s  
o b s e r v e d  w e r e  u n i d i r e c t i o n a l .  Y o r  e x a m p l e ,  a f t e r  t h e  ac- 
c e l e r a t i c n  p e a k  i n  t h e  p u l l - ~ u t  frol i i  t h e  f a s t e s t  d i v e ,  
t h e  p r e s s u r e  r a t i o  a t  o r i f i c e  3 on t h e  u p p e r  s u r f a c e  
changed  I n  t h e  foLLcwing manner:  

! 1 

A s  t h e  o t h e r  p r e s s u r e s  showed. n o  g rea t  c h a n g e ,  however ,  
t l i e  zona o f  s t e e p  p r e s s u z e  g r a d i e n t  i n  % b e  r e g i o n  JP o r i -  
f i c e s  8 t o  10 sh i f$ed  fo rwa rd  r a e h s r  s u d d e n l y  a s h o r t  
d i s t a n c e  w i t h  s l i g l i t  r e d u c t i o n  o f  14 a n d  c,. With f u r -  
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t h e r  r e d u c t i o n  o f  t h e s e  q u a n t i t i e s  d u r i n g  t h e  l a t e r  s t ages  
o f  t h e  p u l l - o i z t ,  t ' i e r e  was no r e t u r n  t o  h i g h e r  p r e s s u r e  
a t  o r i f i c e  9 .  The sadden  forward: s h i f t s  o b s e r v e d  i n  t h e  
p r e s s u r e  r e c o r d s  d i d  n o t  m a n i f e s t  t h e m s e l v e s  i n  t h o  a c c e l -  
e r a t i o n  r e c o r d s  o r  o t n e r  o b s e r v a t i o n s  a n d  were t h e r e f o r e  
o f  l i t t l e  c o n s e q u e n c e  - u n d e r  t h e  c o c d i t i c n s  o f  t h e s e  par- 
t i c u l a s  t e s t s .  

The t o t a l - p r e s s u r e  r e c o r d s  i n d i c a t e  t h a t  a t  B u b c r i t i -  
ca?. s p e e d s  ( 3 0 0  mpt d i v e ,  f i g .  8 )  t L e r e  was n o  a p p r e c i a b l e  
loss o f  p r e s s u r e  e v e n  up t o  q u i t e  h i g h  v a l u e s  o f  l i f t ,  
I n  t h e  s u p e r z r i t i c a f  r e g i o n ,  however ( f i g s ,  9 a n d  121, t h e  
p r e s s u r e  l o s s e s  a9,pear  t o  v a r y  pri;;.ariI.y w i t h  t h e  a c c e l c r -  
a t i o n  o r  l i f t .  The r e c o r d s  d i sp la ;? -ed  no sudden  c h a n g e s  
o t h e r  t h a n  t h o s e  a s s o c i s t e d  w i t h  cl ianges i n  a n g l e  o f  a t -  
t a c k  a r i s i n g  from movement o f  t h e  e l e v a t o r .  

F r o m  t h e  f o r a g o i n g  d i s s u s s i o n  i t  seems t h a t ,  a l t h c u g h  
t h e  w i n g 6  and o t h e r  p a r t s  o f  t h e  a i r p l a n e  were well. i n t o  
t h e  s u p e r c r i t i c a l  r a g i o n  o f  f l o w ,  no  s e r i o u s  c o n s e q u e n c e s  
o f  t h e  c o m p r a s s i o n  slncc'k wers m a n i f e s t .  The p o s s i b i l i t y  
o f  s e r i o u s  conse:;uences u n d e r  e t h e r  c i r c u n s t a n c e s  i s  not, 
however ,  p r a o l u d e d  by  t n i s  r a s u l t ,  p a r t i c u l a r l y  i n  v iew o f  
t h e  f o r w a r d  s h i f t s  e f  t h e  s t e e p  g r a d i e n t  n o t e d ,  T h e s e  
sudden s h i f t s ,  a l t h o u g h  s l i g h t  and u n i h i r e c t Z o n a 1  i n  t h e s e  
t e s t s ,  are nevertheless a n  indication o f  a c r i t i c a l  c g m b i -  
n a t i o n  o f  Mach number ar,d l i f t  c o e f f i c i e n t  f o r  t h e  p a r t i c -  
ular s e c t i o n  aisd a " Y u c t u r e  t e s t e d ,  a n d  i t  t h e r e f o r e  ap-  
p e a r s  t h a t  c c n d i t i o n s  '..ay be e n c o u n t e r s d  i n  which o s c i l -  
l a t i n g  b e h a v i o r  o f  t h e  zcne O S  s t e e p  p r e s s u r e  g r a d i e n t  i s  
a p o s s i b i l i t y ,  

F n r t h e r  consi6eration o f  t h i s  problem on t h e  b a s i s  
o f  t h e  s ~ s s i b l e  p h y s i c a l  n a t u r e  o f  t h e  f l o w  beyond t h e  
c r i t i c a l  s p e e d  h a s  Zed t o  t h e  b e l i e f  t h a t  t L e  r e t u r n  L o  
h i g h  p r e s s u r e  at; t h e  r e a r  o" t h e  s u p e r s o n i c  r e g i o n  o f  f l o w  
i s  a c c o n p l i s h e d  i n  p a r t  t h r o u g h  c o ~ v e r g e n c e  o f  t h e  s t r e a m  
t u b e s ,  somewhat a s  shown i n  f i g u r e  3 0 ,  and. t h a t  t h i s  con- 
v e r g e n c e  i s  accompanied  by s e p a r a t i o n  a t  some p o i n t  f o r -  
ward o f  t h e  rt3ar c r i t i c a l  p o i n t ,  The e x i s t e n c e  o f  sepa-  
r a t i o n  woulci  a c c o n n t  f o r  many pinenomana. c b s e r v e d  i n  % n e  
w i n d- t u n n e l  as sre3.1 a s  in t h e  f l i g h t  t e s t s .  I f  converg- 
e n c e  an(! s e p a r a t i o n  a c t ; u a l l g  d-o i n f l u e n c e  t h e  r e t u r n  t o  
s u b s o n i c  v e l o c i t i e s ,  t h e  o c c u ~ r e n c e  o f  Etn i n s t a b i l i t y  can 
e a s i l y  be  v i s u a l i z e d  b e c a u s e  o n  t h e  one h a n d ,  t h e  s u p e r-  
s o n i c  v e l o c i t i e s  would  t e n d  t o  i n c r e a s e  t .oward t h e  r e a r  
by  v i r t u e  o f  t h e  e x p a n s i o n  f o r c e d  by t b e  a i r f c i l  boundary  
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a n d ,  on  t h e  o t h e r  h a n d ,  s e p a r a t i o n  v o u l d  t e n d  t o  c z u s e  
c o n v e r g e n c e  a n d  r e d u c t i o n  o f  v e l o c i t y  a t  s o a e  fo rwa rd  
p o i n t .  The p o s i t t o n  o f  t h e  s e p a r a t i o n  p v i n t  would t h e r e -  
f o r e  be r a t h e r  i n d e t e r r t i n a t Q  a n d  would depend  en a nun- 
5 e r  of  f a c t o r s  i n c l u d i n g  Mach number,  a n g l e  o f  a t t a c k ,  
p r o f i l e  s h a p e ,  a n d  s u r f a c e  r o u g h n e s s  or i r r e g u l a r i t i e s .  
f n ,  t h e s e  t e s t o  t h e  e f f e c t  of t h o  c o n s i d e r a b l e  su?€af;e 
r o u g h n e s s  nay v e r y  l i k e l y  have 'been t o  f o r c e  s e p a r a t i o n  
v i t h i n  a l i m i t e d  reg i ,m,  t h u s  c o n t r i b u t i n g  t o  a s t a b l e  
c o n d i t i o n .  

-_ .̂___I_.- G e n e r a l  f e a t u r e s  ---. o f  a b - f o i l  _--.- c h a r a c - r i s t i c s  a n d  r e -  
l a t , e d  a u e s t i o n s . -  R e f e r c n c e  t o  t h e  p r e s s u r e  a i s t r i b u t i o n s  
g i v e n  i n  f i g u r e s  1 4  a n d  1 6  t n d i c a t e s  t h a t  the p r e s s u r e  
r a t $ i o s  i n c r e a s e  w i t h  Mach number a s  would be  e x p e c t e d  f r o m  
wind-%unna l  d a t a  ( r e f e r e n c e  3 ) .  A l t h o u g h  n o  q u a n t i t a t i v e  
s t u d y  o f  t h e s e  r a t i o s  h a s  b e e n  made, i t  i s  a s p a r e n t  t h a t  
beyond t h e  c r i t i c a l  rj;;recd t h e  pressure r a t i o s  a r e  v e r y  
g r e a t  e v e n  a t  ~ O V  v a l u c s  of  e n ,  T h i s  r e s u l t  i s  i n  q u a l -  
i t a t i v e  a g r e o n e n t  w i t h  t h e  r e s u l t s  o f  t h e  w i n d- t u n n e l  
t e s t s .  

The s h a p e s  o f  t h e  d i a g r a m s ,  l iowever,  a r e  n o t  entirely 
what n i g h t  heva  been  axpectcd f rom t h e  w i n d- t u n n e l  r e s u l t s ,  
i n  t h a t  t h e  c u r v o s  a r c  r a t h e r  i r r s g u l a r  a n d  t h e  p ronounced  
p r e s s u r a  r i s o  a t  t h e  rear l i m i t  o f  t h e  s u p e r s o n i c  r e g i o n  
I s  novo?: v e r y  f a r  back on t 9 e  s e c t i o n .  The i r r e g a l a r i t y  
of  t h e  C U T Y C S  i s  due  p r i n c i p a l l y  t o  t h e  e x i s t e n c e  o f  i r r e g -  
u l a r i t i e s  i n  t h e  s u r f a c e  o f  t h e  wing.  A s t u d y  o f  t h e s e  
f r r e g u l a s f t i e s  h a s  indicates d e f i n i t e  c o i n c i d e n c o  be tween  
sudden  c h a n g e s  i n  s u r f a o e  o r  p r o f i l e  o f  t h e  wing  and sud- 
den  c h a n g e s  i n  s l o p e  o f  t h e  prassura d i a g r a m s .  The i r r e g -  
u l a r i t y  o f  t h e  d i a g r a l n s ,  t h z r e f o r e ,  h a s  no f u n d a m e n t a l  
s i g n i f i c a n c e ,  a l t h o u g h  t h e  c a u s a t i v e  i r r e g u l a r i t y  o f  t h e  
w i n g  s u r f a c e  p r o b a b l y  h a s  c o n s i d e r a b l e  i n f l u e n c e  on t h e  
main f e a t u r e s  as well as  on t h e  d e t a i l s i t  f e a . t u r e s  o f  t h e  
p r e s s u r e  a i a g r a n s .  

The r e l a t i v e l y  fa r  f o r w a r d  a v e r a g e  p o s i t i o n  c f  t h e  
z m e  o f  p ronounced  p r e s s u r e  r i s e  I s  00 c o n s i d e r a b l e  impor-  
t a n c e ,  i n s - o f a r  a s  i t  h a s  a d i s t i n c t  b e a r i n g  on t h e  moment 
c o a f f f c i e n t  a n d  on t h o  a r e a s  over  which  t h e  h i g h  p r e s -  
s u r e s  a c t .  Wina- tunnc l  r e s u l t s  a r c  p o s i t i v e  i n  t h e i r  i n d i -  
c a t i o n s  o f  a proiiounceC i n c r e a s e  i n  pi tching-momen% c o e f f f -  
c i e n t  w i t h  i n c r e a s i n g  Xach number above  t h e  c r i t i c a l  s p e e d ,  
S l i g h t l y  caxbeyed. a i r f o t l s  as ~ 3 1 3 .  a s  h i g h l y  cawbered a i r -  
f o i l s  show t h i s  i n c r e a s e .  The I\JBGA 2205-34 a i r f o i l ,  which, 
o f  t h u  s e r i o s  o f  a i r f o i l s  r e p o r t e d  i n  r e f a r o n c e  4, h a s  a 

i 



mean camber l r lne m o s t  n e a r l y  l i k e  t h a t  o f  t h e  23014 s e c-  
t i o n  o f  t h e  t e s t s  r e p o r t e d  h e r e i n ,  s h o w s  i n c r e m e n t s  o f  
mcraent c o e f f i c i e n t  a s  h i g h  as  0.04. The p i tching-rLonent  
c o c f f i c i e n t s  f r o m  t h e  t e s t s  o f  t h i s  r e p o r t  ( s u n a a r i z e d  i n  
t a b l e  J )  do n o t  s h o w  such a n  i n c r e a s e ;  i n  f a c t ,  t h e y  show 
no t r e n d  a t  a l l  w i t h  Mach number, t h e  values s c a t t e r i n g  
s l i g h t l y  a b o u t  a mean v a l u e  o f  0.025. 

The q u a l i t a t i v e  d i s a g r e e s e n t  be tween  t h e  f l i g h t  a n d  
w i n d- t u n n e l  t e s t s  r e g a r d l n g  " s h e  p i tching- moment  c o e f f f -  
c i e n t  a n d  t h e  p o s i t i o n  o f  t h e  z o n e  o f  s % e c p  p r e s s u r e  
g r a d i e n t  i s  b e l i e v e d  t o  be  a r e s u l t  o f  t h e  s u r f a c e  rough-  
n e s s  a n d  i r r e g u l a r i t i e s  of  t h e  f u l l - s c a l e  wing ,  wniah 
caused f l o w  s e p a r a t i o n  % o  o c c u r  a t  R forward p o i n t  i n  con- 
f o x n i t y  w i t h  i d e a s  p r e v i o u s l y  e x p r e s s e d  a s  t o  t h e  n a t u r e  
o f  t h e  f l c w ,  E i g h  morreat c o e f f i c i e n t s  m i g h t ,  t h e r e f o r e ,  
s t i l l  be  Expec ted  tr+ salcoth w i n g s  i n  accordance w i t h  wind- 
t u n n e l  i n d i c a t i e n s .  

A l t h o u g h  t h e  p r c f i l e  d r a g  o f  t h e  v i a g  s e c t i o n  i t s e l f  
w a s  not n e a s u r e d ,  t h e  a p p r o x i n a t e  Crag o f  t h e  e n t i r e  a i r -  
p l a n e  was determinccl  a t  t h e  bi-ghex h c h  nurnbars as  p r e v i -  
o u s l y  d e s c r i b e d ,  The rer- .u. l ts  shown i n  f i g u r a  18  are c l e a r  
e v i d s n c a  of  th.e e x i s t e n c e  o f  t h e  ragittl j .  i n c r e a s i n g  d r a g  
c o e f f i c i e n t s  t h a t  h a v e  been  i n d i c a t a d  by w i n d- t u n n e l  t e s t s .  

T h e  s l o p e  of t h e  wing l i f t  cuTve wss n o t  measured b o -  
c a u s e  o f  t h e  g r e a t  d - i f f i ~ l t i ~ s  thtEtt wolxZd- have b e e n  i n -  
v o l v e d  i n  a e a s u r i n g  angle o f  a t t a c k ,  E v i d e n c e  o f  t i . e  
q u a l i t a t i v e  b e h a v i o r  o f  t h e  s l o p e  was o b t a i n a d ,  however ,  
f r o m  t h e  u e a s u r e m c n t s  o f  e l e v a t o r  c c n t r o l  f o r c e  i n  t h e  
p u l l - o u t s ,  I t  c a n  be shown t h a t ,  f o r  a f a i r l y  s t a b l e  a i r -  
p l a n e  h a v i n g  a c o n s t a n t  s l o p e  o f  l i f t  c i i rve,  t h e  r a t i o  o f  
c o n t r o l - f o r c a  i n c r e r i e n t  t o  n o r m a l  a c c e l e r a t i o n  i n c r c m e n t  
i s  c o n s t a n t ,  r e g a r d l e s s  o f  s p a s d ,  p r o v i d e 6  t h e  s t i c k  f o r c e  
i s  n o t  aDpliecl  i n p u 2 s i v o l y .  I n  o t h e r  words, t h e  a c c e l e r -  
a t i o n  i n p o s e d  sinply c o r r e s p o n d s  t o  tk.3 z n g l e  o f  t r i n  f o r  
t h e  e l e v a t o r  s e t t i n g  u s e d  t o  p u l l  o u t . .  S i n c e  t h e  l i f t  on 
t h e  wing  a n d  t h o  h i n g e  nor-lent o f  t h e  e l e v a t o r  b o t h  v a r y  a s  
v2, a n d  s i n c e  t h e  chaqge i n  trirn i s  a linear f u n c t i o n  o f  
e l e v a t o r  s e t t i n g ,  t h e  r a t i o  o f  a c c e l c r a t i c n  i n c r e m e n t  t o  
c o n t r o l - f o r c e  i n c r e r a c n t  r e m a i n s  c o n s t a n t  no n a t t e r  what 
t h e  s p e e d  o r  a c c e l e r a t i o n .  

The p r i n c i p l e  s t a t e d  in t h e  p r e c e d i n g  payagrapk; c a n  
be u s e d  i n  c o n j u n c t i e n  w i t h  t h e  s t i c k- f o r c e  a n d  a c c c l e r a -  
t i c n  n c a s u r e n e n t s  t o  check t h e  ac tua2,  b e h a v i o r  o f  t h e  l i f t -  
c u r v e  s l o p e ,  inasmuch as t h e  a i r p l a n e  c o n f o s n e d  t o  the r e -  
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q u i r e m e n t  o f  s t a b i l i t y  and  t h e  s t i c k  f o r c e s  w e r e  r a t h e r  
s lowly  a p p l i e d .  The e s s e o t i a l  d a t a  a r e  shown i n  flgW.ret 
1 9 ,  i n  which  i n c r e n e n t s  o f  a c c e l s r a t f O n  are ? l o t t e d  
a g a i n s t  i n c r e n e n t s  o f  c o n t r o l  f o r c e  f o r  t h e  s e v e r a l  p u l l -  
ouCs, Each  p a i r  o f  v a l u e s  f o r  one p u l l - o u t  e s t a b l i s h e s  a 
p o i n t  on  a s t r a i g h t  l i n e  t h r o u g h  t h e  o r i g i n ,  which l i n e  
r e p r e s e n t s  t h e  r e k a t i o n  a p p r o p r i a t c  t o  t h e  l i f t  s l A p e  
cor res -gond ing  t o  t h e  s i n g l e  v a l u e  o f  t h o  Nach nun’oer, ?he  
shaded  wedge i n d i c a t e s  t h e  s p r e a d  o r  s c a t t e r  f o r  f o u r  
p i l l l r r o u t s ,  e a c h  h a v i n g  a Hach n u a b e r  o f  about  0.42 a n d  i t  
t h e r e f  o r e  furn! .shss a cleans o f  a p p r a i s i n g ;  t h e  r e l i a b i l i t y  
o f  t h e  r e s u l t s  a s  a n  i n d i c a t i o n  o f  t b e  b e h a v i o r  o f  t h e  
l i f t - c u r v e  s l o p e  w i t h  Xach n u a b e r .  

??TOP+ t h e  f c r e g o i n g  r e n a r k s  i t  w i l l  b e  a p p r e c i a t e d  
t h a t ,  if t h e  s l o p e  o f  t!ie l i f t  c u r v e  c h a n g e s  nuch w i t h  t h e  
Mach nupiber,  t h e  s l o p a  o f  t h e  i i n e s  o f  Ag a g a i n s t  hFs 
w i l l  i n c r e a s e  v~it;i i n c r e a s e  o f  l i f t - c u r v e  s l o p c  and v i c e  
v e r s a  b o c a u s e ,  i n  o r d e r  t o  e f z e c t  a g i v e n  change  i n  l i f t  
w i t h  a h i g h  l i f t  s l o p e ,  t h e  e l e v a t m r  d e f l e c t i o r z  w i l l  n o t  
n a e d  t o  b e  l a r g e  t o  c anse  t h e  r e q u i r e d  change i n  trim a n d  
t h e  h i n g e  rnoments aad c o n t r o l  f o r c e s  w i l l  rerimin r e l a t i v e -  
l y  s r a l l .  Z x a x i n a t i o n  o f  f ig. t ; re  19 i n d i c a t e s  t h a t  t h e  
s c a t t e r  o f  t h e  d a t a  f ~ r  a nunber  o f  p u l l - o u t s  a t  n e a r l y  
t h e  sa?@ s p e e d  i s  small conpa rad  t o  t h e  s p r e a d  o f  $he  re-  
s u l t s  o v e r  t h e  whole  r ~ n g t :  o f  s g e a d s .  The s g e o d  o r  h c h  
n u n b e r  a u s t ,  t h e r e l ” o r e ,  have  s o a e t h i n g  t o  d o  w i t h  @ha r a -  
s u l . t s .  On t h e  basin, o f  Chis  p r e n i s e ,  s t e e p  s l o p e s  o f  Ag 
a g a i n s t  OFs c o r r e s p o n d i n g  t o  s t e e p  l i f t - c u r v e  s l o p e s  
would be e x p e c t e d  and  v l e e  v e r s a .  The da t a  a c t u a l l y  s h o w  
t h a t  t h e  s l o p c  o f  t h e  Curve o f  Ag against OFs f i r s t  
i n c r e a s e s  a8 t h e  Mach nwltjer i n c r e a s e s  f ~ c r i  0.42 t o  0.62, 
t h e n  r a p i d l y  d e c r e a s e s  a.s t h e  Each nu:?.ber i n c r e a s e s  t o  
0 .72 ,  a n d  f i n a l l y  i n c r e a s e s  r a p i d l y  a g a i n  a s  t h e  Nach nun- 
b e r  c o n t i n u e s  t o  i n c r e a s e  t o  0 . 7 3 .  T h i s  result i s  e x a c t -  
Is similar  t o  w i n d- t u n n e l  r e s u l t s ,  which  show ( r e f e r e n c e s  
4 a n d  5 )  t h a t  t h e  s l o p e  o f  t h e  l i f t  cu rve  i a c r e a s e s  w i t h  
Mach nun’ber 2n t h e  s u b c r i t i c a l  r a n g e ,  d e c r e a s e s  r a p i d l y  t o  
l o w  v a l u e s  beyond t h e  c r i t i c a l  speed ,  a n d  f i n a l l y  i n -  
c r e a s e s  s h a r p l y  again. 

A t l o r o n  i n s t a h i l i & y . -  F i g u r e  t 0  i n d i c a t e s  qv12te c l e a r -  
l y  t h a t ,  22  s e c o n d s  f r o n  t h e  s t a r t  o f  t h e  r e c o r d s ,  a se- 
v e r e  f l a p p i n g  of  t h e  s i l o r c n s  o c c u r r e d  a n d  cont;i ,nued 
t h r o u g h  n i n e  Iew-perZad o s c i l l a C i a n s  d u r i n g  t h e  pull-aut 
w h i c h ,  o f  c o u r s e ,  was i n u e d i a t e l y  n a d e .  Fro3  t h e  pilot’s 
s u b s e q u e o t  s t a t e r n a n t  i t  a-ppearsd t h a t  t n e  a i z e r o n s ,  whSch 
had p r e v i o u s l y  (at Che l o w e r  s p o e d s )  b e e n  cons idaxed  s a t i s -  
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f a c t o r y ,  su.8denly b e c a n e  u n s t a b l e  o r  a e r o d y n a n i c a l l y  o v e r-  
b s l a n c e d ,  a n d  t h e  o s c i l l a t i o n s  r e s u l t e d  f r o n  t h e  p i l o t ' s  
e f f o r t  t o  r e t u r n  t h e  s t i c k  t o  n e u t r a l  f o l l o w e d  by a sub- 
s e q u e n t  o v e r b a l a n c e  i n  t h e  o p p o s i t e  d . l r e c t i o n ,  a n d  s o  
f o r t h ,  F i g u r e  13,  which  shows s e v e r a z  g r o u p s  o f  s i n u l t a -  
neous  p h o t o g r a p h s  t a k e n  w i t h  t h e  wing a n d  c o c k p i t  c a n e r a s  
d u r i n g  t h e  p e r i c d  o f  a i l e r o n  f l a p p i n g ,  b e a r e  ou t  t h e  p i -  
l o t  ' s  s t a t e n e n t  qut 'cc  w e l l .  

The a i r s p e e d  c u r v e  coulcf n o t  bc shown on f i g u r e  10 
b e c a u s e  o f  f a i l u r e  o f  t h e  t i r n i n g  c i r c u i t  on t h e  a i r s p e e d  
r e c o r d e r  and  s o n e  o t h e r  i n s t r u n e n k s ,  However,  a n  esOi -  
n a t e  o f  t h e  t r u e  a i r s p e e d  at t h e  t i n e  o f  t h e  a i l e r o n  un- 
b a l a n c e  was e a e i l y  nade  on t h e  b a s i s  o f  d a t a  o b t a i n e d  i n  
o t h e r  d i v e s ,  a n d  t h e  v a l u a  i s  known t o  have  b e e n  a b o u t  
5 0 0  n i l c s  p e r  h o u r .  T&ls valus i s  s u b s t a n t i a l l y  g r e a t e r  
t h a n  a n y  speed  t h a t  had b e e n  p r o v i o u s l y  r e a c h e d  d u r i n g  
t h o  t e s t s ,  

A s t u d y  o f  t h e  r e s u l t s  Icet, t o  t h e  b e l i e f  t h a t  t h e  
t r o u b l e  was p r o b a b l y  caused b y  c o n 7 r c s s i b i l i t y  e f f e c t s  o n  
t h e  a i l e r o n  nosGs which  ware  aggravEttod b y  t h e  s l i g h t  de-  
f z r m a t i o n  r e s u l t i n g  f r o i n  t h e  i n s t a l l a t i o n  o f  t h e  b a l a n c e  
w e i g h t s .  F i g u r e  3, i l l u s t r a t e s ,  i n  e x a g g e r a t e d  f o r r z ,  t h e  
n a t u r e  o f  t h e  d c f o r n a t i o n .  The b u l g e  was n o t  a c t u a l l y  
sore t h a n  a b o u t  o n e - s i x t u e n t h  i n c h  f r o n  t h e  o r i g i n a l  sur- 
f a c e  a n d  was r a t h e r  snoo'c12l.y f a i r e d .  T t  secrned clcar 
f r o r n  p r e s s u r e - d i s t r i b u t i o n  r a s u l t  s o b t a i n e d  i n  w i n d- t u n n e l  
t e s t s  ( r c f e r e n c e  3) thaO t h e  p r o j e c t i n g  o r  b u l g i n g  l o w e r  
sur face  o f  t h e  a i l e r o n  n3se  would h a r e  a f a i r l y  l o w  c r i t -  
i c a l  s p e e d  a n a  t h a t ,  c o n s e q u e n t l y ,  t h e  p r e s s w e  r e d u c t i o n  
o n  t h e  n o s e  would I n c r c s s e  w i t h  apecd  a t  a far g r e a t e r  
r a t e  t h a n  t h e  p r e s s u r e  r e d u c t i c n  a t  a n y  p o i n t  t o  t h e  rear 
o f  t h e  h i n g e ,  

On t h i s  b a s i s ,  t h c  ba lance  we igh t s  were ~ o i n s t a l l e d  
above  tine n o s e  i n  such  a war t h a t  t h e  t , h f c k n e s s  b f  t h e  
b u l g e  on t h e  l o w e r  s u r f a c e  was  red-uced t o  t h e  t h i c k n e s s  o f  
one l a y e r  o f  doped f a b r i c .  T h i s  change c o r i p l e t e l y  rems- 
d i e d  t h e  t r o u b l e ,  The e x p e r i e n c e  t h e r e f o r e  shows tkat qual- 
i t a t i v e  knowledge or" CGEIpressibi . l i%y e f f e c t s  b a s o d  on  wind-  
t u n n e l  d a t a .  w a G  t h e  ci.ecidir,g f a c t c r  3-n s o l v i n g  t h i s  p a r t i c -  
u l a r  p r o b l e n ;  i t  a l s o  i n d i e a t s s  t h e  n e c e s s i t y  f o r  c a r p f u l  
a t t e n t i o n  t o  t h e  d G t a f l s  of a e r c d y n a n i c  d e s i g n  a n d  C o n s t r u c-  
t i o n  o f  c o n t r o l ,  s u r f a c e s  i n  t h e  l i g h t  o f  c c a p r e s s i b i l i t y  
e f f e c t s .  
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I t  nay be  concl.udcd f r o r a  t h e  r e s u l t s  o f  t h e s e  t e e t s  
tha t ;  t h e  p r i n c i p a l  e f f e c t s  o f  c o m p r e s s i b i l i t y  i n d i c a t e d  
by w i n d- t u n n e l  r e s u l t s  are also m a n i f e s t e d  u n d e r  f l i g h t  
c o n d i t i o n s ;  that i s ,  t h e  l a r g e  clrag i n c r e a s e  o c c u r s  i n  t h e  
s u p e r c r i t i c a l  r e g i o n ,  t h o  s l o p e  o f  t h e  l i f t  c u r v e  c h a n g e s  
w i t h  Mach number i n  t h e  same q u a l i t a t i v e  rnanner a s  i n  t h e  
t u n n e l  t e s t s ,  a n d  e x t r e n e l y  l a w  pressarcs e x i s t  O V G X  t h e  
a i r f o i l  s u r f a c e  i n  t h e  r e g i o n s  o f  s u p e r s o n i c  v e l o c i t y ,  
n o  i n c r o a s e  o f  wing ncme.nt c o c f f i c i e n t  with Mach number 
was o b s e r v e d ,  kcwever ,  and t h e  r e g i o n  o f  s t e e p  p r e s s w e  
g r a d i e n t  ( compres . s ion  shock)  w a s  n e v e r  f a u n d  t o  e x i s t  nucb 
t o  t h e  r c a r  o f  t h e  s t a t i o n  o f  ::axixu.n t n i c k n a s s ;  t b i s  d i s -  
c r e p a n c y  nziy possibly IIG c.x?Liined on t h e  b a s i s  o f  t h a  
e f f e c t  of s u r f ~ c a  roughi isss  OE t h e  location or“ t h e  s o p n r a -  
t i o n  p o i n t  a:id. th .=  r e s u l t  & o e s  riot  n e c e s s a r i l y  c o n t r a d i c t  
t h e  w i n d - t u n n c l  r2ssul-t s ,  which v e r a  o b t a i n e d  on s n o o t h  
a t r f o i l s .  

A l t h o u g h  no s z r i o u s  v i b r n t j , o n  o s  o t h e r  s s r i o u s  t a n i -  
f e s t a t i o n s  o f  t i re  c o r A p r e a s i o n  shock  were o b s e r v e d  -in t h o s o  
t e s t s ,  t h e  p o s i t i c n  o f  t h e  shock sv.d.?enly s h i f t e d  s l i g h t  
a n o u n t s  i n  s o n e  C ~ S G S  and t h e  p o s s l b i l i t y  o f  s e r i o u s  
s h i f t i n g  o r  o s c i l l a t i o n  u n d e r  o t h e r  c o n d i t i o n s  i s  n o t  p r o r  
c f u d e d  b x t  r a t h e r  i n a i c a t e d ,  

E x p c r i e n c o s  c’f t h e  t e e t  s i n d i c a t e d  tka’e g r a v e  d a n g e r  
e x i s t s  a t  high s p e e d s  i f  airplanes a r e  L o n g i t u d i n a L l y  un- 
s t a b l e  a n d  also t h a t  c a r e f u l  ~ t t e n t i c n  n u s t  be  g i v e n  t o  
c o u p r e s s i b i l i t y  e f f e c t  6 or- aor o d y n a m i c a l l y  b a l a n c e d  c ; n t r a l  
s a r f a c e s  t o  a v o i d  sudhelr  s v e r b a l a n o i n g .  I n  f a c t ,  t h e s e  
t e s t s  were  s u c c o s s P u l l y  completed c a l g  b a o a u s e  o f  t h e  h i g h  
s t r e n g t h  o f  t n e  X F Z A - 2  airplane znd bccsuse  t h e  n a g n i t u d e  
o f  a j l e r c n  u n b a l a n c o  t h a t  sudder , ly  o c c u r r e d  a t  a s p e e d  o f  
500 t i i l s s  p’sr h o a r  W E S ,  by p u r e  c h a n c e ,  w i t h i n  t h e  p i J . o t f f i  
s t r e n g t h ,  

L a n g l e y  M e u o r i a l  -4eronaut  icaX Z n b o r n t  o ~ y ,  
N a t i o n a t  A d v i s o r y  C o i m l t b e s  f o r  A e r o n a u t i c s ,  

L a n g l e y  Fic l :Z ,  Va. 



2? 

KEFEUBCE S 

1, G a r r i c k ,  I .  33.: D e t o r n i n a t i o n  c f  t h e  T h e o r e t i c a l  
P r e s s u r e  Distribution for Twenty Airfoils, Rep,  
No.  465, XACB, 1933. 

2. Walchner, 0 . :  The E f f e c t  o f  Conpressibility on t h e  
Pressure Reading o f  a P r a n d t l  Pitot Tube a t  Sub- 
sonic Flow V e l o c i t y .  T . H .  N o ,  9 1 7 ,  NACA,  1939, 

3. Stack, J ~ h n ,  Lindsey, W, F,, and Littell, R o b e r t  
The C o m p r c s s i b i 3 . f . t ~  Burble and t h e  gffect of corn- 
pscssibility cn P r e s s u r e s  and F o r c e s  Acting on an 
Airfoil, Rep.  No, 646, WAC$, 1938. 

4 ,  S t a c k ,  J o h n ,  a n d  voe Doenhoff, h l 'be r t  E,: T e s t s  o f  
16 Related Airfoils at High S p e e d s .  Bep. No .  
4 9 2 ,  ?JanCA, 1934. 

5 .  F e s r i , ,  A n t r o n i c r  Investigations a n d  E x p e r i n c n t s  in t h e  
G u i d o n i a  Supersonic Wind Tunnel. T ,M. No.  9 0 1 ,  
SSBCA, 1 9 3 9 .  

------r------ ' .  ' _--l_l_-...- . , , , -- c__ 

a.c, 
cxl L .  '"7" -I--------- 

i 
7.024 -. 024 I -. 027 1 - ,025 - - 0 2 8  -. 025  -. 028 
-, 029 

-0,021 i 

I 

----A. 

-9.030 
-, 0 3 0  - .028 -. 025 - , 022  
-.017 

c-c--... 

c - - - - c  

--..._..- 

"ParentLctical v a l u e s  refer t, o p r e s s u r e  d i a g r a n s  for maxi- 
n?um limit of p r e s s u r e s .  ( S e e  f i g .  XE,) 

, 



NACA Fig. 1 

. 

J 



NACA 

J 



NACA Fig. 3~ 
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NACA Figs. 4,5 

4 OriCice locotion in pcrced  chord 

%file 
- Measured -- - NACA 23015 

Figure4. - Measured rib profile. 



NACA cf 
Fig. 6 

M. P. H 

DIVE NO. 1 
DATE: k-23-40 

DIVE NO. 2 
DATE: 4-23-10 

MVE HO. 3 
DATE: 4-25-40 

DIVE HO. 4 
DATE: 4-25-40 

MVE NO. 5 
DATE: 4-25-40 

DIVE NO. 6 
DATE: 4-27-40 

Figure 6.- V-G records of practice dives i n  XF2A-2. 
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Fig. 7 
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300 Y. P. H. 
DATE: 4-29-40 

300 M.P.H. MVE 
DATE: 5-7-40 

400 Y. P. E. 
DATE: 5-7-40 

TERMINAL VELOCITY DIVE 
DATE: 5-13-40 

TERMIRAL VELOCITY DIVE 
PATE: 6-5-40 

Figure 7.- V-G records of contract dives i n  XF2A-2. 
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NACA Fig. 12 
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F i g  13 

COCKPIT CAMERA 

STICK L E F T  
AILERON GOWN 5 DEG. 
FORCE RIGHT = IO LBS. 
TIME= 23.8 SEC. 

STICK MOVING RIGHT 
AILERON MOVING UP 

STICK NEUTRAL 
AILERON NEUTRAL 
FORCE L E F T =  4 LBS. 
TIME= 24.0 SEC. 

STICK MOVING RIGHT 
AILERON MOVING UP 

( e >  

FORCE LEFT = 24 Les. 

STICK RIGHT 
AILERON UP 10 DEG. 

TIME = 24.2 SEC. 

RIGHT WING CAMERA 

Figure 13.- Sequence of events showing a i l e ron  i n s t a b i l i t y  i n  
attempted terminal  ve loc i ty  d ive  on 5-7-40. 
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figure /4- Cmpnson behveen theoreficd unci acha/ 
rib pressure d/sfr/bufions measured /n 
sfeody /eve/ f//ghf 
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Fwre 16 Aver- pressure d/$trbut/on or several Moch numbers. 
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Rgurel6fontinud Amge pmsura distribution at several Mach numbers. 
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NACA Fig I6c 

hqure 16- Corduded Average pressure d/stribu&on at 
severd Mach oumbers. 
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Figs, I7,18 
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C n  

figure 18.-Varlation of drug coefficient wlih  Mach Number as determined 
from accelerometer meusurerne n t5 WFZ A-2) 
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6qurelg.-Voriatlan of load’-f;pctor increment with increment of stick force. 
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